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I. HistoricaL REVIEW 


The electrical response of the retina when stimulated by light 
has been studied by many investigators. It is not the intention 
here to give a complete résumé of their work but to review the 
more important results which apply to the present experiment. A 
bibliography is appended to this paper which gives references to 
all the previous papers on the subject which have been found. 

Holmgren** in 1866 first observed that an excised eyeball of a 
frog when illuminated, gives an electric current through a gal- 
vanometer. One terminal of the instrument was connected 
through a non-polarizable electrode to the optic nerve and the 
other terminal through a similar electrode to the cornea. A 
steady current due to the injury to the nerve and tissues flows 
from the cornea through the galvanometer back to the optic 
nerve. This current, which is called the current of injury or 
demarcation current, shows an increase both when the stimula- 
tion by light begins and when it ends. These changes in current 
are spoken of as the positive on and off effects. Holmgren also 
used the posterior half of the eyeball and obtained similar results 
showing that the electrical response is not due to the iris muscles. 
He stated that within limits, the change in current is proportional 
to the intensity of light. 

Dewar and M’Kendrick‘ in 1873 and later Dewar® alone 
added materially to the knowledge of the reaction of the retina. 
The typical curve for a frog’s eye obtained with a Thomson 
galvanometer shows a diminution in current after the first sharp 
rise of the on-effect. They proved beyond question that the 
electrical effects are due to the retina and not to any other portion 
of the eye and that the electrical variations are conducted to the 
brain. .They obtained responses with varying intensities of 
light indicating that the Weber-Fechner law is followed. Many 
kinds of eyes including those of fish, lobsters and pigeons were 
used, both when excised and in situ. Their general conclusions are 
summarized below: 


1. On exposure to light, an increase in demarcation current is obtained fol- 
lowed by a diminution. The off-effect is another increase. 


* Citation numbers here and hereafter refer to Bibliography at end of this paper. 
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2. These effects are shown by simple and compound eyes, the eyes of birds, 
mammals, fish and frogs. The same effects are observed with the eye in a living 
animal when one electrode is connected to the optic nerve or brain and the other 
electrode to the cornea. 

3. The change is proportional to the logarithm of the intensity of light, 
showing that Fechner’s law is followed. 

4. Yellow light gives the greatest effect, violet the least. 

5. Sensitiveness to light is essentially dependent upon the retina. 

6. The change may be followed into the optic lobes of the brain. 

7. Polarized light has the same effect as ordinary light. 

8. The latent period of response is less than one-tenth sec. 


Kihne and Steiner in 1880" and 1881," using a slowly moving 
aperiodic galvanometer, confirmed the main points of the pre- 
vious work, but obtained curves in which the diminution after the 
first rise of the on-effect was so great as sometimes to cause the 
current to decrease below the normal current of injury. They 
concluded that this excessive negative variation denotes a dying 
or injured eye. These investigators worked with the isolated 
retina. 

Waller® in 1895 performed some experiments on the frog’s 
eye using a D’Arsonval galvanometer which indicated that the 
current variations follow the Weber-Fechner law. 

Beck" in 1899 worked with the eye of the cephalopod Eledone 
moschata, an eye which has no cones. Placing the electrodes in 
various parts of the eye he obtained very simple response curves 
consisting merely of a rise of current on exposure to light followed 
by a return to normal when the stimulation terminates. 

Waller *” #* 1* in 1900 reported some experiments on the retinal 
currents from a frog’s eyeball under stimulation by light and by 
electricity. He observed a negative variation which precedes the 
positive rise of current. This is a relatively slow negative varia- 
tion recorded by a slowly moving galvanometer. He also called 
attention to a step-like rise of current during the on-effect, which, 
in the light of present work, proves to be due to the superposition 
of the typical quick rise of the on-effect upon a long gradual in- 
crease later emphasized by Ishihara, and Einthoven and Jolly, 
and pointed out by them as being a part of some normal response 
curves. 
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Fuchs * in 1901 continued his investigation which was begun 

in 1894, of the latent periods of the various portions of the retinal 
current fluctuations and obtained smaller values than those 
observed by others. He concluded that with constant intensity 
of stimulation, (1) the time values of the photoelectric* phen- 
omena of the retina remain constant in whatever manner the 
curve forms and (2) the restitution of the changes which are 
brought about by this intensity, is completed in an almost con- 
stant length of time. His method of illuminating the eye was 
by the use of a sparking rheotome, which presupposes the reaction 
of the eye to be of short duration like that of muscle or nerve. 

DeHaas” in 1903, using a slowly moving d’Arsonval galva- 
nometer, investigated the relation of the response to the product 
of intensity of light and the time of exposure. His results show 
that for exposures varying from 0.01 sec. to 0.8 sec. equal responses 
are produced by equal products of intensity and time. 

Gotch* * ** in 1903 and 1904 performed some extremely inter- 
ing and valuable experiments with the frog’s eye. He used a 
capillary electrometer as a measuring instrument, which, because 
of its quick response, made his method of experimentation much 
superior to that of previous observers. He obtained a much 
more accurate history of the time relations of the response of the 
retina. The general shape of his curves is similar to those 
resulting from former experiments, less modified, however, by 
the inertia of the measuring instrument. The more rapid fluctua- 
tions in response were brought out and for the first time curves 
were obtained showing a quick negative reaction preceding the 
positive on-effect. The latent periods of the on and off-effects 
were measured for white and colored lights and they appeared to 
be different for the three colors, red, green and violet. He called 
attention to small irregular oscillations which are occasionally 
observed in the level portion of the curve before the off-effect. He 
concluded that the photoelectric* changes are all of the same 
general monophasic type, and that the retina contains two photo- 


* The word “photoelectric” is used in the bibliography because it is the term 
used by the earlier investigators. The term “photoelectric” has now come to have a 
very definite meaning in physical phenomena. The authors believe that the term 
“electrical response” is a preferable term. 
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chemical substances, one reacting to light and the other to 
darkness. 

Piper® in 1904 repeated Beck’s work with the eye of the 
cephalopod and obtained in general confiiming results. 

The work of Ishihara® in 1906, although quite extensive, added 
little to the results of the earlier investigations. He did recognize, 
however, that a second rise after the first positive on-effect which 
had been previously observed, without appreciation of its impor- 
tance, is a part of the typical response under some conditions. 
His curves could not give the true relation between response and 
time because of the use of a slow Deprez-d’Arsonval galvanom- 
eter. 

Work of considerable importance was done by Bricke and 
Garten® in 1907 who used at first a capillary electrometer and 
then a string galvanometer. Many different kinds of eyes were 





Fic. 1. (Typical curve from Einthoven and Jolly) “The combined reaction of the 
three substances.” Flash 0.01 sec. Dark eye, Green light. (Ordinate—Height of B= 
150 microvolis: Abscissae—Distance to maximum of C=16 sec.) 
studied and curves were obtained showing the typical response 
of the several eyes. The latent period was measured and the 
effect of fatigue studied. They observed, as did Gotch, the quick 
but weak negative reaction preceding the positive rise of the on- 
effect. Bricke and Garten were unable to observe any oscilla- 
tion in the continuous effect during illumination claimed to 
have been observed by Gotch. 

Einthoven and Jolly® in 1908, in a very important and pains- 
taking research, pursued further the investigation of the effect 
of light on the retina of the frog. In these experiments they 
used the whole eyeball and obtained photographic records of the 
resulting deflections of a string galvanometer. Fig. 1 shows a 
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curve copied from their paper and represents a typical response 
to a flash of strong light of 0.01 sec.duration. Fig. 2 is aresponse 
obtained by them to a time exposure. The curve of Fig. 1 con- 
sists of three parts all of which had been previously observed by 
others and designated by Einthoven and Jolly as follows: the 
sharp negative reaction, “‘A”’; the rapid positive rise followed by a 
decline, “B”; and the later gradual increase and subsidence, 


orf errecr 
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Fic. 2. (Typical Curve from Einthoven and Jolly.) “Conflict between the reactions 


of the three substances.” Time exposure of 9 sec. Dark eye. White light. (Ordinate— 
Height of E=208 microvolts. E, a control curve.) 


al ‘ 





& d 
Fic. 3. Diagrammatic representation as three separate curves of the reactions to 
light of the three substances, A, first; B, second; and C, third substance. 1, light; d, dark- 
ness. (Einthoven and Jolly.) 





“C.” They found the same three characteristics occurring in 
nearly all responses whether for a flash of light or for a prolonged 
exposure, except that in the latter case the off-effect is superposed 
on the “‘C”’ rise, and the three parts have different relative magni- 
tudes. Einthoven and Jolly attributed the three parts of the 
curve to the reaction of three substances in the retina, each one 
giving its particular form of reaction curve. Fig. 3, taken from 
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their paper, shows their idea of the sepaiate reactions of the 
three substances, “A,” “B,”’ and “C.”” The sum of these three 
curves would give a typical response. The lowest line in Fig. 3 
indicates the duration of exposure, / denoting light and d darkness. 

They also investigated the variation of latent period with 
intensity of light, and showed that with strong light it is of the 
order of 0.01 second while with very weak light it may be as much 
as 2 seconds. 

Attention is called to a curve which shows irregular variations 
during exposure which they thought might be due to a rythmical 
response of the eye, but which they suggested may have been 
caused by variations of the arc light used to illuminate the retina. 

Waller®’ in 1909 attacked the three-substance theory of Ein- 
thoven and Jolly and proposed a two-substance theory. A 


response curve observed by Waller is shown by Fig. 4. His 
——— 











Fic. 4. “Retinal response of the second stage showing the preliminary negative 
effect at the ‘make’ of illumination.” (Waller) 
analysis of this response shown by dot and dash curve of Fig. 5 is 
indicated by the two full-line curves of the same figure. The curve 
shown in Fig. 4 is not, however, a typical response but, according 
to Waller, one indicating a modified or ageing eye. The work of 
Einthoven and Jolly was carried further by Jolly** alone in 1909. 
He published curves, one of which is reproduced in Fig. 6, showing 
responses of dying eyes and the effect of massage and tetaniza- 
tion. The paper contains a very good historical outline of pre- 
vious work. 
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Piper*® * * in 1911 worked with various eyes and proposed a 
theory very similar to that of Einthoven and Jolly. Piper’s 
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Fic. 5. (Analysis of the response of a modified eye, made by Waller to demonstrate 
his two-substance theory.) “Diagram to illustrate the effect upon a galvanometer 
(broken line) of a simultancous larger positive current and smaller negative current, the 
latter commencing and ending more rapildy.” (Waller.) 
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Fic. 6. “A response to strong green light of a dark eye which has remained for six 
hours between the electrodes. The second substance is little in evidence. The response is 
to an exposure of 13.2 sec.” (Jolly.) 


theory supposes three reactions: exposure reaction, a dark reac- 


tion of opposite sign, and a third long secondary reaction lasting 
beyond the stimulation. 
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In 1911 and 1912 Nikiforowsky® observed the retarding effect 
of lowering the temperature of the eyeball. 

Brossa and Kohlrausch® in 1913 and later*’, ** in 1914 showed 
that there is a qualitative difference in the shape of the response 
curve of the pigeon’s eye for various colored lights supporting the 
theory that cones are color sensitive. No qualitative difference 
with wave length was observed with rod vision of the owl. 

Fréhlich® in 1913 observed very marked oscillations in the 
response curve of the cephalopod and showed that the frequency 
is a function of the wave length of light, and the intensity of oscil- 
lation a function of the intensity of light. He thus claimed to 
have found a basis for light and color sensation but it must be 
remembered that the cephalopod possesses only rods. 

Day" in 1915 studied the electrical response of the retina under 
stimulation of light in the eye of the fish. The eye was used in 
situ and was connected to a d’Arsonval and later to an Einthoven 
galvanometer, through non-polarizable electrodes making contact 
on the cornea and on the eyeball. Photographic records of the 
responses were obtained. The source of illumination was a 32- 
candle-power incandescent light at a distance of one meter. 
The general conclusion reached was that the photoelectric* 
phenomena in the fish eye are similar to those obtained by Ein- 
thoven and Jolly in the frog eye. The latent periods of the various 
parts of the response curve were measured and also the times to 
the various maxima. The first maximum is reached after 0.26 
sec. and the summit of the off-effect in 0.165 sec. Intermittent 
light produces separate responses up to 25 flashes per sec. At 
28 per sec. the curve resembles that of an exposure to continuous 
light. 

Sheard and McPeek™* in 1919 performed experiments with 
dog eyes, connected to a Thomson galvanometer, the small deflec- 
tions of which were made visible by a system of mirrors. They 
investigated the gradual changes in potential difference after alter- 
nate exposures to lights of different colors by exposing an eye to a 
certain portion of the spectrum for from four to five minutes, wait- 
ing the same length of time, and then exposing the eye to another 
portion of the spectrum. They called attention to the fact that 
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previous experimenters had paid little or no attention to the gen- 
eral rise or fall of potential after stated periods of exposure, and 
arrived at the general conclusion that the shorter wave lengths of 
light produced negative potentials (from retina to nerve) as shown 
by the general downward trend of the galvanometer deflection, 
while the longer wave-lengths produce positive potentials (from 
nerve to retina), shown by the upward trend. Complementary 
colors have opposite tendencies, and each may neutralize the po- 
tential changes produced by the other. They found agreement 
with the Herring theory of color perception. Their records show 
very marked irregular maxima and minima which were explained 
by the authors as being due to fatigue and after-image effects and 
not to any external causes. 


Il. SumMMARY OF PREVIOUS WorRK 


Although various observers disagree regarding some details 
of the response of the retina to stimulation by light, certain 
characteristics of the observed curves are fairly well established. 
Fig. 7 diagramatically embodies these characteristics which 


Light on Light off 


Normal Current of: Injury 





Time 


' 

Fic. 7. A diagrammatic curve which embodies the characteristics of the normal 
electrical response of the eye as established by previous observers. 
consist of a quick decrease in the current of injury immediately 
followed by a rapid increase to a maximum, and a second gradual 
increase of current on which is superposed the rapid increase of 
the off-effect. The typical curve undergoes a change as the eye 
ages and eventually takes forms shown in Fig. 6. 
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The early observers and some more recent ones used slowly 
moving galvanometers which are totally inadequate to show any 
fine structure in the response curves or to give the true time rela- 
tions of the reaction. The capillary electrometer used by Gotch, 
Briicke and Garten, and others is more rapid than moving-coil 
galvanometers, but when adjusted for high sensitivity is then much 
too slow. The string galvanometer first used by Briicke and Gar- 
ten and later by Einthoven and Jolly and others is more rapid, but 
an examination of the calibration curves of Einthoven and 
Jolly shows that, in order to get sufficient sensitivity, the string 
was used under small tension so that it required about 0.2 sec. 
for the string to attain its final deflection under the influence of 
an instantaneous change in current. 

All instruments previously used, including the capillary elec- 
trometer, require some current for their deflection so that the 
measurement of potential changes is modified by the current flow 
and consequent drop in potential through the resistance of the 
tissues. 

Several observers speak of oscillations or perturbations during 
the declining portion of the “B” or during the “C” part of the 
curve. These oscillations are irregular and were observed in only 
few instances. 

Some experimenters used the whole eyeball, while others used 
the posterior half of the eyeball or the isolated retina. 

In most cases the intensity of illumination of the retina was 
extremely great. Einthoven and Jolly used stimulation ranging 
from 120 10® meter candles to 0.01 meter candle. A quotation 
from Einthoven and Jolly says: “It is sufficiently clear that for 
the photoelectric reaction of an isolated frog’s eye, there is 
required much more light than for the development of light per- 
ception in the human eye.” (See ref. 35, p. 414). With the 
more sensitive apparatus to be described, this statement no longer 
holds. 

The only theories of action that have been found by the authors 
are the nearly equivalent threé-substance theories of Einthoven 
and Jolly and of Piper, and the two-substance theories of Gotch 
and of Waller, all of which theories have been outlined above. 
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III. PREFACE 


Vision includes several separate processes. First, radiant 
energy in the form of light, through the agency of the crystalline 
lens, forms an image on the retina, the receptor mechanism.* 
The receptor mechanism under this stimulation sets up disturb- 
ances or nerve impulses which are conducted through the complex 
structure of the retina to the optic nerve and thence to the brain 
where the impulses are interpreted. These nerve impulses in 
the rods and cones of the retina, and in the optic nerve are ac- 
companied by electrical changes which can be measured by suit- 
able electrical apparatus. These electrical changes are un- 
doubtedly “action currents” which are inseparable from the 
functional responses of the conducting tissues and as a working 
hypothesis, it is assumed that a study of these electrical varia- 
tions gives some knowledge of the nerve impulses which go to the 
brain. If this be true, a study of the electrical changes accompany- 
ing variations of stimulation of the retina affords powerful means 
of determining what goes on in the receptor organ. No attempt 
is made to study the interpretation processes in the brain. If 


*The retina of the vertebrate eye is composed of three concentric tissue layers 
and certain supporting elements. The receptor mechanism is the outer of these con- 
centric layers. It consists of radially arranged highly differentiated cells of two kinds 
—the rod cells and the cone cells. The rods terminate at their inner ends in globe- 
shaped enlargements, the cones in pyramidal-shaped enlargements. The retinal 
tissue next beneath these visual cells, the middle concentric layer, consists of bipolar 
nerve cells also radially arranged. They end outwardly in dendritic processes just 
beneath the enlarged ends of the rod and cone cells. One unbranched process from 
each bipolar nerve cell is extended in between the visual cells where it terminates in a 
small thickening. The other dendritic processes bifurcate repeatedly so as to form 
a close sub-epithelial mesh-work just below the visual cells. At the inner ends, the 
bipolar nerve cells also end in dendritic processes which form synapses with similar 
processes from the ganglion cells of the optic nerve. The optic nerve ganglia form the 
inner concentric layer of the retina. Each nerve ganglion cell sends out a nerve fibre 
to become a part of the nonmedulated optic nerve. 

There are other nerve cells lying between the bipolar cells and some of these send 
dendritic processes outwardly towards the bases of the visual] cells and others send 
processes inwardly to form synapses with the dendritic processes of the ganglion cells 
of the optic nerve. The exact course of the processes of some of these cells is still 
in dispute. 

This brief description of the retinal tissues is sufficient to emphasize the complexity 
of the biological mechanism with which this experiment deals. 
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the findings can be correlated with psychological observations, 
the method of investigation is further justified. 

Besides this possible opportunity of adding to the knowledge 
of vision, a study of the electrical variations in an optic nerve 
when the retina is illuminated, provides an extremely valuable 
method .of investigating the propagation of an impulse in a 
sensory nerve. For not only is the impulse initiated by a normal 
excitation of the receptors, but, using stimulation by light, it is 
possible to control not only the intensity factor but also the 
quality of the exciting agent. 

The experiments reported in this and subsequent papers were 
begun in January, 1920, and consist of a study of the electric 
potentials produced in the retina under various conditions of the 
retina, and for many variations in the stimulating light such as 
variations of intensity, time of exposure, wave length, etc. The 
object in view in attempting this investigation is to carry further, 
with improved apparatus, the work of previous experimenters 
briefly outlined above, with a hope that a better insight into the 
mechanism of vision can be obtained. 

The work has expanded to an extent that precludes the pos- 


sibility of reporting it all in a single paper. This paper contains a 
description of the apparatus, some general observations, the 
change of the response as the age of the eye increases measured 
from the time of excision, and a brief report on the effect on the 
retinal response, of varying the intensity of stimulation. 


IV. APPARATUS 


1. General arrangement——The general arrangement of the 
apparatus is shown in photographs a and bd of Plate 1 and sche- 
matically represented in Fig. 8, which is self-explanatory. A 
detailed description of the various parts follows. 

2. Eye chamber—The excised eye is placed in the eye 
chamber shown in section in Fig. 9. In the early experiments, 
the eye was removed from a pithed frog and the whole eyeball 
was used, electrical connection being made through non-polariz- 
able electrodes to the cut end of the optic nerve and to the cornea. 
Latterly the frog is etherized before excision and the eye ball, 
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after excision, is cut in half and only the posterior half is used. 
Etherization did not appear to have any effect upon the results 
except that it was necessary to allow the eye to recover from the 
SHUTTER 
METTING. SHIRL. 
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Fic. 8. The general arrangement of the apparatus 























Fic.9. The eye chamber 


effects of the anesthetic before taking observations. After re- 
moving with filter paper some of the vitreous humor, the half 
of the eyeball is set up on a pad of cotton, moistened with Ringer’s 
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solution, on a small pedestal B capped with wax W, as shown in 
Fig. 9. Connection is made with the pad and thence with the 
optic nerve through a cotton thread ¢; also moistened with Ringer’s 
solution. This thread dips in the U-shaped glass tube E£, con- 
taining zinc sulphate solution. An amalgamated zinc wire forms 
the other terminal of the non-polarizable electrode and connects 
with the insulated terminal of the eye chamber T;. The other 
connection to the eye is made through the moist thread #2, which 
is permitted to touch the retina at one point only. This thread 
connects with the other terminal T, of the eye chamber through 
a second non-polarizable electrode E,. Water in the bottom 
of the chamber maintains a moist atmosphere. On the cover 
is a shutter S and a reflecting prism P. 

3. Amplifier. The eye chamber is connected by electro- 
statically shielded wire to the amplifying system, which com- 
prises the principal improvement in the apparatus. The 
amplifying system consists of a two-stage, thermionic-vacuum- 
tube amplifier commonly used in radio communication.* Such 
an amplifier is a potentially operated device, so that, besides in- 
creasing the sensitivity of the measuring apparatus, it affords the 
additional advantage of making measurements of potential 
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Fic. 10. The thermionic amplifier tube 
possible without drawing current or energy from the retina. 


Resistance of tissue and other resistances are without effect on 
the measurements. 


* Forbes has used a single stage amplifier in the measurement of action currents 
from nerves (61). 
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The thermionic amplifier tube consists of an evacuated 
chamber C, Fig. 10, into which is sealed a filament F which can 
be heated, a plate P, and between the filament and plate a wire 
grid,G. Electrons emitted by the filament pass through the grid 
to the positively charged plate and thence through the external 
circuit R. Any variation of potential of the grid with respect to 
the filament causes a corresponding change in electron current to 
the plate and hence a change in current in the external plate 
circuit. This change in plate current resulting from a change 
of grid potential de, could be caused by some larger change in 
potential de, if applied directly in the plate circuit. Since de, 
is greater than ée,, the tube acts as an amplifier and the fraction 
ot is the amplification factor ». Another useful constant of 
ee . 
the tube is the filament to plate resistance defined as 


i 
&e, 7" 
where here i, is the plate current and e, is the voltage between 
the plate and filament. 

The connections of the amplifying system are shown in Fig. 11. 














i: 
_ 











Fic. 11. The connections of the amplifying system 


V, and Vz are thermionic amplifiers. The tubes used in this 
experiment are standard types made by the Western Electric 
Company. Tube V; is known as type D and has an amplification 
factor of about 40 and a plate resistance of 200 000 ohms. Tube 
V: is type J, and has a yw of about 8 and a resistance of 30 000 
ohms. The filaments are heated by the common 6-volt battery 
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E,. In the particular arrangement used in these experiments E, 
is a storage battery of 200 volts and E, a similar battery of 100 
volts. R, and R, are chosen to be at least equal to the filament to 
plate resistance of the tube with which it operates, and are 250 000 
and 30 000 ohms, respectively. e is a small constant cell used 
to polarize the grid of V, to a proper negative value. P, is an 
arrangement which, when the key is depressed, impresses on the 
grid a known small potential for calibration. The adjustable tap 
a, is attached to the battery at a point such that the grid potential 
of the second tube is zero or slightly negative as indicated by the 
absence of a deflection of the galvanometer b. G is an Einthoven 
galvanometer provided with an adjustable shunt. The adjust- 
able tap a» is attached to the battery E, so that there is practically 
no current through the galvanometer G, perfect adjustment being 
obtained by means of the potential divider P. The amplifica- 
tion of the whole system, defined as the ratio of the deflection of 
galvanometer G using the amplifier to that if the amplifier were 
not used, is given by the expression :— 
1 ; uimeR RR, 
i’ ya (R, +r) (Rore+ R2G+r2G) 


where 7 is the current through the galvanometer when potential 
eis impressed on the grid of the first tube, and 7’ is the galvanometer 
current which would result if the same potential e acted in the 
circuit containing only the eye and galvanometer. jy; and ye are 
the amplification factors and r, and r; the plate to filament re- 
sistances of the respective tubes V, and V2. R, and R; are the 
respective external plate circuit resistances as shown in Fig. 11. 
G is the resistance of the shunted galvanometer, and R, the re- 
sistance of the eye and connecting electrodes. 
In the particular arrangement used in these experiments the 
constants are approximately as follows: 
1 =40 G = 3000 ohms 
fe = R,=100 000 ohms 
1 = 250 000 ohms r,= 200 000 ohms 
R:= 30 000 ohms re= 30 000 ohms 
Using these values po = 494. 
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On account of the high amplification of the system, certain 
precautions must be observed. The plate battery E,, the tubes, 
and resistances R, and R; must be shielded from outside electrical 
disturbances with sheet metal or netting. The batteries must 
be of large capacity and charged at a low rate in order that 
their potential be constant. Mercury switches are necessary 
in the filament circuit to insure good contact, for the slightest 
variation of filament current causes irregularities and drift of the 
galvanometer deflection. The tubes V; and V2 must be specially 
selected as some have enough internal leakage to prohibit their 
use. 

4. Galvanometer and photographing apparatus—The galva- 
nometer is a Cambridge Einthoven instrument provided with a 
field coil which operates on a 12-volt storage battery. The fibre 
is of quartz gilded by cathode spray. 

The photographing camera consists of a camera bellows fastened 
to a box B, Fig. 8. (See also Plate I.) On this box slides a 
chamber C in which rotates a drum driven by a motor. About 
this drum is wrapped the photographic bromide paper on which 
the records are taken. A mirror and a ground glass viewing 
screen are so arranged that the deflections of the fibre can be 
watched while the record is being photographed. The time 
marker, shown in Fig. 8, consists of a special clock driven wheel 
carrying spokes which serve to momentarily intercept the light 
once every five seconds. 

5. The stimulating light The stimulating light | source is 
shown in section in Fig. 12. ,The outer part consists of a com- 


T 
GY a), 
0 G ae Vs oa 
WIR ® 


mon three-cell flash-light casing T. At one end is a plug of wood 
W on which is fastened a’ socket carrying the small 6-volt light | L. 
A ground glass G diffuses the light which then passes through a 
hole in the center of the diaphragm D. Various diaphragms are 














Fic. 12. The stimulating light 
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used with holes ranging from 0.010 inch to 1 inch in diameter, 
each one having double the diameter of the preceding one. Ex- 
cept when the large holes are used, the source of light is con- 
sidered to be at the diaphragm D since the light diverges from this 
point. The intensity of light at the retina is then proportional to 


(2) where d is the diameter of the hole in the diaphragm and x 


is the distance from the diaphragm to the retina. The intensity 
is then reduced to foot candles or meter candles by a factor deter- 
mined by a footcandle meter. Using this source of light, a con- 
tinuous range of intensities from 6 x 10 to 5000 meter candles 
can be obtained. For higher intensities a bare 400-watt nitrogen- 
filled lamp is used. 

6. Shutter—The shutter shown in photographs a and } 
of Plate II consists of a motor-driven pair of disks, the speed of 
which is given directly by a tachometer. Each disc has an 
opening extending through nearly 180 degrees of arc so that by 
changing the relative position of the disc, various openings can be 
obtained up to half a revolution. These discs rotate in front of 
the light source just described. On the opposite side of the discs 
and in line with the light is a compound photographic shutter 
which is normally closed. By a special cam on the shaft of the 
rotating discs the photographic shutter can be made, when 
tripped, to open automatically for one half a revolution. In 
this way one exposure can be obtained whose time is determined 
not by the photographic shutter but by the angular opening of 
the two discs and their speed of rotation. By varying both the 
angular opening and the speed of rotation any accurately deter- 


mined time of exposure can be obtained from ; second to 2 
seconds. — 

7. Device for indicating the exact duration of exposure — 
An improvement recently added to the apparatus consists 
of a device to record automatically on the photographic 
paper the exact instants of commencement and termination of 
exposure. In essence it consists of a small string galvanometer 
placed in box B, Fig. 8, so that the string casts a shadow on the 
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bromide paper. This galvanometer is operated through a com- 
mutator on the shaft of the rotating shutter discs. The com- 
mutator consists of two metal segments one permanently fastened 
to one disc and the other to the second disc. The segments of 
the commutator are designed in such a manner that the circuit 
through this time-recording galvanometer is opened and closed 
in exact synchronism with the opening and closing of the shutter. 


V. Discussion oF RESULTS 


In work of this kind it is necessary to study a great many 
response curves in order to determine the characteristics which 
are typical. Up to the time of writing this paper over 5000 
photographs of the response of the retina of the frog’s eye have 
been taken under various conditions. In these experiments 
several hundred eyes have been used. 

The earlier experiments, following the procedure of previous 
workers, were made using the whole eyeball with one thread 
electrode touching the cornea and the other, the optic nerve. 
The resulting curves are similar in the main points to those 
obtained by the previous investigators. 

1. The shape of the typical curve for white light stimulation 
undergoes marked changes as the eye ages after excision. Expo- 
sures selected from an “age run” on an eyeball are shown in Plate 
III. As will be seen on examination of photograph a of Plate III, 
a fresh eyeball gives a response curve for time exposure which 
embodies the quick negative depression called by Einthoven and 
Jolly the “‘A”’ portion, a rapid rise in the positive direction to a 
maximum known as the “B” portion, and the long positive rise 
called the “‘C” rise. In the figures of Plate III this “C”’ rise is 
interrupted by the positive “off” effect when the excitation ter- 
minates. It may be difficult to detect the “A” dip on some of 
the figures of Plate III but they are easily distinguishable on the 
original. 

As the eye ages the earlier part of the response undergoes a 
change in shape so that the potential may actually decrease 
below the normal value for a considerable time as shown in curve f 
of Plate III. It will be noticed, however, that even in this 
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modified condition the first rapid negative variation still persists 
with an apparent increase in size. 

2. The changes shown in Plate III explain a misunderstanding 
which existed concerning the first negative response. Waller 
claimed that a negative reaction signifies a modified eye (see ref. 
37, pp. 171-175) while Einthoven and Jolly asserted that a nega- 
tive deflection is a characteristic of a normal response (see ref. 
35, p. 390 and ref. 38 pp. 378, 379). The difficulty is due to the 
fact that there are two types of negative reactions. The slow 
negative reaction obtained by Waller and shown in Fig. 4, repro- 
duced from his paper, was obtained using a slowly moving 
galvanometer and does indicate a modified or dying eye. The 
curve of Fig. 4 is practically the same as curve f of Plate III if 
the first quick dip of the latter is smoothed out. Waller con- 
fused this relatively long negative reaction with the quite distinct 
very rapid negative variation first observed by Gotch and indi- 
cated by Einthoven and Jolly as the “A” portion of the normal 
curve (see Figs. 1 and 2). However, Fig. 6 reproduced from 
Jolly’s later paper embodies the two types of negative reactions 
and is very similar to curve f. of Plate IIT. 

3. Many experiments were made to determine the effects on 
the response curves of changing the intensity and time of expo- 
sure but it was soon realized that these curves were of doubtful 
value because of the disadvantageous position of the cornea elec- 
trode. The seat of the electromotive forces is in the retina and an 
electrode situated as far away as the cornea is unable to pick up 
the minute changes in electrical potential and will give only 
average gross effects from the whole retina. Moreover, con- 
siderable electrical leakage through the tissues and over the out- 
side of the eyeball undoubtedly takes place under such condi- 
tions which materially modifies the results. Consequently in all 
later experiments only the posterior half of the eyeball was used, 
and the end of the moist thread which previously made contact 
with the cornea was made to touch the retina at only one small 
point. It was expected that using this method the reaction of a 
small number of visual elements would be obtained and that it 
would be little modified by leakage. Most of the vitreous humor 
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was removed from the divided eye. This arrangement of elec- 
trodes gives much greater responses and brings out, as will be 
explained later, much fine structure in the curves which can not 
be obtained using the whole eyeball. If the thread, instead of 
touching at one point, lies along the inside surface of the retina for 
a short distance, much inferior results are obtained showing little 
of the fine structure. 

It should be remarked that the arrangement of thread elec- 
trodes described above, would, because of the flow of current 
through their high resistance, give distorted records if connected 
directly to the string galvanometer, but used with the amplifying 
system described above, gives the true potential variations irre- 
spective of the resistance of the eye and electrodes. One test 
showed that each thread electrode had a resistance of approxi- 
mately 50 000 ohms, and the eye itself a resistance of from 1000 
to 10 000 ohms according to the position of the inside thread 
terminal. 

When the posterior half of the frog’s eyeball, arranged with 
electrodes as last described, is illuminated with flashes of white 
light of various intensities, the series of response curves obtained 
are much more complex than those obtained using the whole eye- 
ball and show structure not observed by previous workers. 

4. A few typical response curves are reproduced in Plates IV 
and V and are selected to show the variety of normal shapes 
obtained under various conditions. All curves except e, f, g, and h 
of Plate V were taken with a flash of the exciting light. Curves 
e, f, and g give the typical response for a time exposure of a few 
seconds. Curve hk is due to two separate exciting lights; the 
first maximum indicates the beginning of the first light, the 
second maximum the beginning of the second light, the third 
maximum the termination of the second light, and the last maxi- 
mum the termination of the first light. 

The vertical white lines, where they appear, indicate five- 
second intervals. The short constant deflection at the begin- 
ning of some of the curves is the calibration of the galvanometer 
and was produced by a potential change of 0.14 millivolt. 





Jan., 1923] RETINAL RESPONSE 23 


An examination of normal response curves reveals certain 
outstanding typical characteristics. Except for very weak 
illumination, the curves for a flash of light show a quick negative 
variation followed by a positive rise to a sharp maximum. This 
first positive maximum is usually followed by one or more sec- 
ondary maxima. The time from the beginning of the response 
to the first positive maximum is practically independent of the 
intensity and time of illumination and is approximately 0.27 
second. This first positive maximum is shown most clearly in 
curves a, b, c, and d of Plate V. 

A definite second maximum is usually discernable but is some- 
times masked by the larger first maximum. The time to the 
second maximum is, as with the first maximum, practically a 
constant independent of intensity and duration of excitation and 
about equal to 0.70 second. The second maximum is clearly 
shown in curves a, b, and c of Plate V and also in some of the other 
photographs. 

Following the second maximum there is occasionally seen a 
third maximum, the time of which varies from something of the 
order of 0.6 second to several seconds. This third maximum 
is not always visible for it may be masked or fused with the second 
maximum giving a broad hump as shown in g and # of Plate IV. 
The third maximum is clearly shown in curves i, 7, k, and / of 
Plate IV. These four curves belong to a series in which the time 
of excitation due to a light of constant intensity was very grad- 
ually increased from 0.00128 to 0.0135 sec. In i the first maxi- 
mum is only a pause in the upward ascent to the second maximum. 
As the time of illumination increases, the first maximum increases 
in size relative to the third as though the increase of the first 
were at the expense of the third. The second maximum, on the 
other hand, shows a gradual increase in height. These progres- 
sive changes shown in the series i, 7, k and / have been observed in 
many other series and indicate that the first and third maxima 
are related, and that the second maximum is quite independent of 
the first and third. 

Many of the curves show a very slow positive rise to a maximum 
which may occur even 10 or 15 seconds after the flash of light. 
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This fourth maximum may be easily confused with the third and 
can be separated sometimes from the third only by plotting the 
time to its peak as the intensity of illumination is increased. The 
time to the third maximum decreases while that to the fourth 
maximum increases as the intensity of illumination is increased. 
The fourth maximum is present only for the higher intensities 
and is identified with the “C”’ rise of Einthoven and Jolly. Curve 
d of Plate V shows the fourth maximum, the second and third 
being absent or masked. The fourth maximum is present when 
the eye is subjected to time exposures and shows in curves f, g 
and h of Plate V. 

At very low intensities of excitation the separate peaks are more 
fused and less pronounced. In curve 6 of Plate IV the first, 
second and third maxima are evident. In a of the same plate it is 
difficult to tell whether the first rise is due to the first or second 
maximum or both, although the third maximum is clearly seen. 
The same uncertainty prevails in c and d of Plate IV. 

The typical responses described above can obviously not be 
analyzed into the three fundamental curves assumed by Ein- 
thoven and Jolly nor into the two curves of Waller. Because 
of the complexity and the great variety of the normal response 
curves it is difficult to obtain an analysis which is able to build 
up all possible forms obtained and which has at the same time 
some reasonable correlation with the recognized performance of 
nerves and their connected mechanisms. 

Since the duplicity theory of v. Kries (see ref. 56, p. 203) has 
survived while other theories of vision have come and fallen, it is 
reasonable to assume that the response curves will show two 
more or less independent variations, one due to the cones or color 
sensitive organs, and the other to the rods or achromatic receptors. 
Attention has already been called to the fact that the first and 
second maxima are apparantly more or less independents 
and also that the third maximum seems to be related to 
the first. Experimental evidence has not yet been able to 
determine definitely which of the variations in the response 
curve is to be attributed to the cones and which to the rods, but 
indicates that the first maximum is attributable to the cones and 





Jan., 1923] RETINAL RESPONSE 25 


the second to the rods. In the two upper rows of Figs. 13, 14, 15 
and 16 are shown some simple fundamental forms of response 
which when added, as shown in the lowest row, give curves closely 
resembling the experimental results. The forms in the top 
row of each figure are assumed responses of one type of receptor 
organ, rods or cones, and those in the middle row are assumed 
responses of the other type of receptor organ, both responses 
being considered to be independent. In the bottom row of 
Fig. 13, is shown a series of summation curves the shapes of 
a b c d 



































Fic. 13. Synthetic response curves (third row) built up from assumed fundamenta 
response curves of the two receptor. organs, cones and rods. The effect of varying relative 
magnitudes of the two fundamental curves, their shapes remaining similar. 


which progressively change as the assumed forms of the first 
maxima curves (top row) and second maxima curves (bottom 
row) have different relative magnitudes. Such a progressive 
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change is observed experimentally as the intensity of illumination 
is increased. In Plate VIII are reproduced two series of responses 
showing this progressive change in shape. The first series a—m 
was taken with the intensity of excitation decreasing from 
583 x 10~ to 2.710~ meter candles, the second series n—z was 
obtained with increasing intensity of illumination from 32x10~ 
to 18930 10~ meter candles. Fig. 14, and Fig. 15 a and b, show 
other possible variations of the curves. In a and b of Fig. 14 
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Fic. 14. Synthetic response curves (third row) built up from assumed fundamental 
response curves of the two receptor organs, cones and rods. Effect of latent period and 
negative variation in second fundamental curves. 


and in a of Fig. 15 the second maximum is represented as having 
a latent period. The result in b of Fig. 14 is a curve very similar 
to the observed curve nm of Plate IV although it is not asserted 
that such a shape can only be explained by the occurrence of a 
latent period. Fig. 14 c shows the result of assuming a negative 
variation preceding the second maximum; d and e of the same 
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figure and b of Fig. 15 give the results of adding a latent period 
to the negative variation. The summation curve of Fig. 14 e is 
very similar to i andj of Plate IV, but since the pause in the up- 
ward ascent of i and j develops into a definite maximum as 
shown in the following curves & and /, it can hardly be explained 
by the summation of the two curves of Fig. 14 e. This latter 
curve is, however, very similar to curves r and s of Plate VIII. 
Curves a and 6 of Fig. 15 are similar to f of Plate IV. 























Fic. 15. Synthetic response curves (third row) built up from assumed fundamental 
response curves of the two receptor organs, cones and rods. a and b are forms obtainable 
assuming latent period and negative variation of second fundamental curve. c shows effect of 
addition of fourth maximum. 


Fig. 15 c shows the sum of three separate curves, the third 
being added to give the fourth gradual rise observed in so many 
of the experimental curves. Such a third curve could obviously 
be added to all of the curves of Figs. 13, 14,and 15. Examples of 
the response curves containing a fourth maximum are represented 
in Plate V, c, d, e, f, g and # and in a—f of Plate VII 
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Fig. 16 shows assumed forms to explain the third maximum, 
and as is evident, summation curves are obtained which closely 
resemble curves i, 7, k and / of Plate IV. 

In the preceding paragraphs an analysis of many of the obServed 
experimental curves has been given in terms of some assumed 
fundamental reaction curves shown in Figs. 13, 14, 15 and 16. 
A great variety of forms are obtained in experiment, but as is 
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Fic. 16. Synthetic response curves (third row) built up from assumed fundamental 
response curves of the two receptor organs, cones and rods. Explanation of third maximum 
assuming complex reaction for first fundamental curve. 


evident from the above discussion, they can all be resolved into 
the sum of simpler forms. It is clear, however, from Figs. 13-16 
that a great variety of summation curves can be obtained by 
changing slightly the shape of the assumed fundamental curves, 
their duration, or latent period. It is sometimes difficult to 
determine whether a particular experimental curve involves a 
latent period or a preliminary negative variation in one of the 
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fundamental curves, for as will be seen, the summation curves 
of Fig. 13 b and Fig. 14 a and ¢ are very similar. Although the 
exact shape of the fundamental responses has not yet been 
determined, the shapes assumed are reasonable and have been 
worked out to correlate the experimental results with the known 
performances of nerves*” °* ° © & A further discussion from 
this point of view will be given in a future paper. 

5. Plate VI shows some abnormal curves obtained with 
injured or modified eyes. Curves a to e inclusive were taken with 
frog eyes and the remaining curves with guinea pig eyes. Curves 
a and b of Plate VI were taken with an eye which, when freshly 
excised, appeared much less rigid than a normal eye. It was 
apparently diseased. These curves were taken soon after exci- 
sion and show characteristics more or less typical of the response 
curves of the old eyes. Curves c, d, and e show the effect of 
progressively lowering the temperature of the retina. The 
changes that take place due to decreasing the temperature are 
similar to the changes that occur as the eye ages. Curves f, g, h 
and i, show the modification in the response curve of a guinea pig 
eye asitages. The eye of a warm blooded animal ages in a much 
shorter time than does that of a cold blooded animal. Al- 
though curve g was taken only 37 minutes after excision, the 
curve is not the same as that of a normal frog eye, but shows the 
same characteristics as an aged eye. The fact that the eye of a 
warm blooded animal dies much more rapidly than the eye of a 
cold blooded animal leads one to wonder if the normal response 
curve for the guinea pig eye would not be much the same as that 
of a frog eye if it could be taken soon enough after excision or if it 
could be prevented from dying so rapidly. 

6. Although the whole eyeball dies after a few hours as shown 
in Plate III, when only the posterior half of the eyeball is utilized, 
not only is the fine structure more clearly brought out and larger 
responses obtained but the rate of dying is much less rapid. 

In Plate VII are given a few curves selected from a series taken 
to show the changes which occur as the posterior half of the eye 
dies. The series covered a period of twenty two hours after 
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which no response could be obtained. A set of three exposures of 
0.040 seconds each were taken periodically for light intensities of 
1.07 X10~, 1.7110 and 0.11 meter candles. In Fig. 17 and 18 
the heights of the first, second and third maxima for the two 
highest intensities of stimulation are plotted against time. The 
recovery from etherization and from the operation is shown by 
the curves and requires about two hours, after which the eye 
remains fairly constant in sensitivity for a time but soon begins to 
die. 





























AGE tw MINUTES 


Fic. 17. The heights of the 1st, 2nd, and 3rd maxima (in microvolts) of the responses 
of the eye are plotted against the respective ages of the eye (in minutes). H,, H2, and Hy 
indicate the curves obtained from the Ist, 2nd, and 3rd maxima respectively. The intensity 
of illumination=1.71X10- meter candles. The data was obtained from the series, a 
part of which is reproduced in Plate VII. 


The curves of Fig. 17 show that the first and third maxima 
decrease before and more rapidly than does the second maximum. 
This would be more marked if the curves could be analyzed into 
the several component parts and the actual heights then measured 
independently of the other parts. Since this cannot easily be 
done the ordinates on the plots are the actual heights of the total 
curve at the points of maxima. Therefore, each measurement 
consists of the maximum of one component curve added to the 
heights of the other component curves at that point. The fact 
that the first response dies more rapidly than the second is well 
shown by the change in shape of the curves shown in Plate VII. 
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The curves of Fig. 18 do not show the differential dying as well 
as the curves for weaker illumination (Fig. 17) because, as will be 
shown in the following portion of the paper, the responses to strong 
stimulation are little altered by slight variations of the stimula- 
tion and therefore it may be inferred that small changes in the 
sensitivity of the eye due to dying produce little alteration in the 
responses under such strong stimulation. 
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Fic. 18. The curves were obtained in the same manner and from the same series 
as those in Fig. 17, for the intensity of illumination, 1.1X10- meter candles. 


_ 


7. The relation between sensation and stimulation has been 
stated by Weber in a law bearing his name. (See ref. 56, p. 20 
and ref. 62, p. 505.) The just appreciable increase of stimulus 
bears a constant ratio to the original stimulus. This law stated in 
mathematical form is 
as = KL 
I 
where S is the measure of the sensation, J the measure of the 
stimulus and K isa constant. Fechner, with somewhat doubtful 
justification, integrates the above expression obtaining Fechner’s 
law which supposedly gives the law connecting sensation and 
stimulus. Fechner’s law is 
S=K log I+C 
when C is a constant of integration. 
Psychological experiments with vision have demonstrated 
the fact that Fechner’s law does not hold for very weak or strong 
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illumination but holds approximately over a limited range of 
medium intensities of stimulation of the retina. 

Several of the early experimenters who measured the electrical 
response of the retina for variations in intensity of light believed 
that there was a correlation of their results with Fechner’s law. 
These early results were, however, obtained over very limited 
ranges of intensity and with imperfect apparatus so that they do 
not constitute noteworthy confirmation of the law connecting 
sensation and stimulus. This line of investigation has, however, 
been carried further as described below. 

If it be assumed that the sensation is proportional to some 
characteristic of the response curves, then this characteristic 
should vary with intensity according to the above law within the 
limits between which the law applies to psychological observa- 
tions. In this case the mechanism which follows the law would 
necessarily be in the retina and not in the central organs of per- 
ception. Conversely, if some characteristic of the response curves 
is found to follow the Weber-Fechner law, it is possible, although 
not certain, that sensation is proportional to that particular 
characteristic of the response curves. All confirmations of 
psychological observations which can be found in the electrical 
response curves give added evidence to the hypothesis that the 
response curves depict the course of sensation. 

Many series of response curves have been obtained for widely 
varying light intensities. ‘The question arises—which character- 
istic of the curves measures the sensation? The most natural 
characteristic to select is the maximum height, and for want of a 
better choice, this was used. 

A series of 5 second exposures for light intensities at the retina 
ranging from 2.52 x 10“ to 2.5 x 10+ meter candles was made on an 
eye four hours old. The maximum height of each on-effect was 
measured and plotted against the corresponding intensity of 
light J. The result is shown by the curved full line of Fig. 19, a 
curve resembling a logarithmic curve. If log J is plotted against 
R, the response, the curved dotted line, which becomes straight at 
its upper end, is obtained, but if the logarithm of each coordinate 
is plotted, the straight line over the lower portion is the result. 
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The slope of this last mentioned line is 1.91 giving as the derived 
law of response for the lower intensities of stimulation— 

R*! oc] or R oc [-523 

or R« VJ, approximately. 
It is then evident that no simple law applies to the whole curve, 
but over the portion for weak intensities the power law very 
satisfactorily holds but breaks down for intensities at the retina 
above 700 micrometer candles. Above this point the R—log I 
line is nearly straight showing that Fechner’s law is approximately 
followed. 





Fic. 19. Curves showing the relation of the maximum height of the response of the 
eye, R, to the intensity of illumination, I. The following combinations of coordinates were 
used: (1) I—R, (2) log I—log R, (3) log I—R. 


Many other similar series were taken for flashes of light as 
well as for time exposures and, in every case for the weak lights, 
straight line logarithmic plots, one of which is shown in Fig. 20, 
were obtained yielding exponents, the several values of which are 
shown in Fig. 21. The average of these values for the exponents 
is 1.98, differing very little from 2. 

When higher intensities of stimulation were employed, there 
invariably occurred an abrupt change in slope of the log ]—log R 





34 CHAFFEE ETAL [J.O.S.A. & R.S.L., VII 


curve, this break coming always at practically the same intensity 
of light (6.3x10~ meter-candles.) This abrupt change in law 
begins to show in Fig. 19 but is more clearly apparent in Fig. 20. 


Fic. 20. Curves oblained in a similar manner as those in Figure 19 from a series 
in which I was carried to a greater value. The plot shows the break in the curves, which 
means a change in law, at approximately the point where log I=2.4. (The value of R 
varies for any given intensity, with the different eyes, but the break in the curve is prac- 
tically always near the point where log I=2.4.) 


As has been pointed out, the part of the curve above the change 
when plotted to coordinates log J and R usually yields a straight 
line, showing that for this part of the curve the Weber-Fechner 
law is obeyed. For very high intensities, the law again falls 
down. This state of affairs is in entire agreement with psychologi- 
cal observations alluded to above stating that Fechner’s law holds 
for a limited range of medium intensities. 

An examination of the original response curves shows that for 
the intensities below the first break in the law, the second maxi- 
mum of the curve was higher than the first and consequently was 
the height measured, while for intensities above the first break, 
the first maximum had increased until it had become larger than 
the second maximum and was, therefore, the height measured. 
Thus the break comes at the point where measurements for the 
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maximum response changes from the one maximum to the other. 
It might be said, then, that for intensities of stimulation above 
a certain well defined value Fechner’s law of response holds, but 
for stimulations below that the first law holds. This, however, 
must be considered with limitations because if there are two sep- 
arate mechanisms contributing to the total observed electrical 
response, neither can be measured separately, hence, the true law 














Fic. 21. Diagram showing the values of the exponents of the log I—log R plots ob- 
tained from various series. The average of these is 1.98. 


of response of the separate mechanisms has not been determined. 
On the other hand, the total sensation must be due to the com- 
bined effect from both rods and cones so that, after all, is not the 
combined effect of both mechanisms, and hence the total deflec- 
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tion, a better measure of real sensation than either one separately? 
Perhaps the very fact that there are two simultaneously acting 
mechanisms, each possibly with its own simple law of response, is 
the very reason why the observed psychological observations do 
not follow any one simple law. 

Other characteristics of the observed response curves have other 
possible psychological confirmations. It is a natural inference to 
associate the long fourth maximum with the positive after- 
image. The outstanding reason for this association is the 
similarity in time to the observed maximum of the response 
curve and the time to the maximum sensation of the after-image; 
also the fact that the time to the observed maximum in both 
cases increases with intensity of exposure. 

The sharp increase in the response curve of the “off effect” 
can be observed psychologically under proper conditions when a 
decided increase in sensation is obtained upon termination of 
illumination. 

It is interesting to note that it has been demonstrated by 
experiment that in a general way the same changes in the shape 
of the response curves take place for recovery from etherization, 
recovery from light adaptation, increase in intensity of light, and 
increase in time of exposure. 

Another point of interest is the extreme sensitivity of the 
combination of a retina and the electrical amplifying and record- 
ing system. Deflections are obtained for light so weak that it is 
at or below the threshold of human vision. Deflections are 
obtained for light intensity at the retina equal to that falling on a 
surface 1200 feet from a candle. All measurements have been 
made for light intensities within the range of normal vision. 


VI. SumMMARY OF RESULTS 


1. An improved apparatus is used in studying the electrical 
response of the retina. This apparatus makes use of a two-stage 
thermionic amplifier which makes possible the measurement of 
small potentials with the absorption of no energy. 

2. In preliminary work the electrical response was obtained 
when using the whole eyeball and the resulting curves are similar 
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in principal characteristics to those obtained by previous experi- 
menters. See Fig. 7 and Plate III. 

3. The response curve of the whole eyeball undergoes marked 
progressive changes as the eye ages, as shown in Plate III. The 
most notable change with age is the decrease in first positive in- 
crease in potential of injury and the development of a second 
relatively long negative deflection as shown in Plate ITI. 

4. Much superior results are obtained by using only the 
posterior half of the eye-ball and making direct connection to a 
small point on the surface of the retina. 

5. Using the improved method of connection to the retina, 
the responses are greater and the response curves reveal much 
fine structure showing that the reactions are more complex than 
can be explained by the two or three substance theories. 

6. The complex curves are analysed into four definite and 
typical components called the first, second, third and fourth 
maxima. The first and second parts appear to be independent 
of each other. The time from the beginning of response to the 
first maximum is practically constant and equal to 0.27 seconds. 
The time to the second maximum measured in the same manner 
is also essentially constant and equal to 0.70 seconds. The 
times to the third and fourth maxima vary greatly according to 
the energy of light stimulation. The time to the third decreases 
and the time to the fourth increases as the energy increases. It 
is believed that the first and third maxima are related. 

7. The apparently unrelated first and second maxima can be 
reasonably attributed to the reactions of the two types of visual 
cells in the retina, the cones and rods. 

8. Synthetic curves resembling many of the observed curves 
are built up from two assumed types of fundamental curves. 
See Figs. 13, 14, 15 and 16. The two distinct types of funda- 
mental curves are considered to be the responses of the two types 
of sensory receptors the cones and rods. The shapes of the 
fundamental curves have been chosen with due regard to the 
performance of nerves. 

9. The changes with time in the response curves of the 
posterior half of the eyeball are studied and graphs obtained. 
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(See Figures 17 and 18). The shape of the response as well as its 
magnitude undergoes a change with age. Responses have been 
obtained for twenty-two hours after excision of the eye. 

10. The changes in maximum height of the response curves, 
used as a measure of the intensity of response, are plotted against 


the corresponding intensities of excitation. For low intensities 
the law 


Sensation « +/Stimulation 
approximately holds: for medium intensities of excitation the 
Weber-Fechner law (S « K log I+C) is obeyed. 


VII. DaTA FoR THE Piates III-VIII 


All the curves except those of Plate ITI and /, g, # and i of Plate 
VI are responses of the posterior half of the frog’s eyeball. 
I =intensity of the stimulating light. 
T =time of the exposure of the eye to light. 
Age=time from the excision of the eye and for all the given 
curves in between the limits of one and four hours unless 
otherwise indicated. 


Pirate III. Eyeball Age Series. 


I =500-watt lamp 50 cm from a piece of ground glass, which in turn was 42 cm 
from the eye. 


T =30 secs. 
Plate letter Age in minutes 


PLATE IV. Typical Response Curves—Flashes. 
Plate letter I in meter-candles T in seconds 

3.23104 .04 | consecutive exposures 
1.7010" .04 
3.23104 .10 as “_ 
7.38104 -10 
1.0710 04 
1.3810" .10 
1.7110" .01 
1.7110" 04 
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i 1.2X10" 
j 1.2X10" 
k 1.2<X10" 
l 1.2x10" 


.00128 
.00205 | consecutive exposures 
00445 
.01350 
m 5.4104 .04 
n 1.38104 -025 
° 4.4x10" .025 


PLATE V. Typical Response Curves.—Flashes and Time Expo- 
sures. 


Plate letter I in meter-candles 
1.3410" 
3.45 X10? 
2.61104 
8.22xK10" 
1.1010" 
2.76X10" 
frosted 16 cp lamp 
42 cm from the eye 
Exposure: J, for 30 sec.; + I, for 20 sec.; —I, for 20 sec., 
darkness; where 

I,=500-watt lamp shielded by a piece of thin white 

paper, 542 cm from the eye and 

I,=a frosted 16 cp lamp 42 cm from the eye. 


T in Seconds 
0.10 
0.025 
0.10 
0.025 
12.25 
10.00 
5.00 


PLATE VI. 


Plate letter Age in min., J in meter- T in sec. 
candles, 

90 1.5 

95 35.0 

180 a 


Abnormal Response Curves. 


23.0 
0.1 


17 re consecutive exposures 


Effect of 


perature 


Eye at room wi 
Eye below room | lowered 


44 3.0 
perature 

Eye at still lower 
temperature 


temperature 
44 3.0 


870.0 0. 
54.4 5. 
870.0 0. 
96.7 5. 


Response of a guinea-pig’s 
eyeball 
PraTeE VII. 


I=1.1X10" meter-candles 
Plate letter 


Age Series of the Posterior Half of the Eyeball. 


T= .04 sec. 
Age in minutes 


a 
b 
c 


35 
114 
162 
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520 
874 
966 
1073 
1162 
1205 


—- orm? Oo & 


PiatE VIII. Responses for Varying Intensities of Stimulation. 
Series1 T=.2 sec. Slope of the log J—log R line=2.7 
Plate letter I in meter-candles 
583.0104 
410.010 
168.0 10* 
106.0 10% 
68.210 
42.8x10° 
26.910 
18.610 
13.5x10* 
8.1x10° 
7.1X10° 
5.4x10° 
m 2.7x10* 
Series 2 T = .04 sec. Slope of the log J—log R line=1.95 
Plate letter I in meter-candles 

32. 10° 
54.10% 
89.x10° 
171. x10° 
312. 10° 
516. x10 
865. x10 
1420. x10° 
2740. x 10° 
4550. x10 
6670. x10 
10200. « 10+ 
18930. x 10+ 
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Pirates I ano II 


. Taking Light. 
. Electrostatic Shielding. 
. Einthoven Galvanometer. 
. Time Marker. 
. Photographing Apparatus. 
. Adjusting Galvanometer. 
. Shielded Amplifier. 
. Eye Chamber. 
. End of Photometer Bar. 
. Mercury Switches. 
. Shielded Motor for Driving Photographing Drum. 
. Shielded Control Switches and Leads. 
. Shielded Plate Batteries. 
. Wedge Used in Later Work. 
. Monochromatic Illuminator Used in Later Work. 
. Shutter. 
. Tachometer. 
. Stimulating Light. 
. Shutter Motor. 
. Shutter Discs. 
. Cam. 





PLATE I 


Pholograpn a 
‘iew of Apparatus 


Photograph b 
rte Showing High Voltage Batteries 





PLATE I 




















Photograph a 


View Showing End of Photometer Bar, Eye Chamber and Amplifier 














Photograph b 


Shutter and Wed ge 





PLATE Hl 


Eye Ball Age Series 





PLATE IV 


Typical Response Curves 




















PLATE V 


Typical Response Curve 























PLATE VI 


Abnormal Response Curves 














PLATE VII 


Age Series for Posterior Half of Eye Ball 





PLATE VIII 


Responses for Varying Intensities of Stimulation 














REPORT ON THE FINE STRUCTURE OF NEAR INFRA- 
RED ABSORPTION BANDS! , 
By H. M. RANDALL 


This paper reviews recent work on the structure of the absorp- 
tion bands of certain gases which lie in the near infra-red region 
of the spectrum. The work has its chief interest in the knowledge 
of molecular structure to which it has led. Brief descriptions of 
the apparatus and methods employed in measuring these bands 
and a short summary of the bearing of these results upon 
molecular theory as developed by recent writers will be given.* 

As the bands of HCl gas are those which show the fullest 
development of those characteristics which give this field of 
research its present interest, they will be used largely as illustra- 
tions. The work of Angstrém and Palmer® showed a single ab- 
sorption band for this gas with a maximum at 3.41y and a 
spectral width extending approximately from 2.6u to 4.1uy. 
Burmeister‘ was able to resolve this band sufficiently to show that 
it was a doublet. Von Bahr® showed that each band of the doublet 
was itself complex, that the short wave-length component had 
seven minor maxima and the long wave-length component five 
maxima. This appearance of a fine structure in these bands, as 
Von Bahr pointed out, strongly suggested quantum effects in 
the rotation of molecules, which tend to confirm the work of 
Nernst and Eucken who had already applied the quantum theory 
to molecular rotation in an endeavor to explain the temperature 
variation of the molecular heats of gases. A, more complete 
resolution of this band into its fine structure components and 
their accurate measurement promised to give definite information 

! Prepared at the request of the Committee on Spectroradiometry, W. W. Cob- 
lentz, Chairman. 

* Cuts for Figs. 1, 2 and 4 were very kindly loaned by The University of Chicago 
Press, Publishers of Astrophysical Journal. 

+ Angstriém and Palmer, ofv. af Kongl. Vet-Akad Fork, p. 389; 1893. 


‘ Burmeister, Verh. d. D. phys. Ges., 15, p. 589; 1913. 
* Eva Von Bahr Verh. d. D. phys. Ges., 15, p. 1153; 1913. 
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about molecular rotations and vibrations, and thereby to furnish 
exact data from which ideas of atomic and molecular structure 
could be developed. It appeared to the writer that a much 
higher resolution would be obtained from gratings, as well as 
greater accuracy of measurement, provided the grating spectro- 
meter were preceded by a prism spectrometer of small dispersion. 
In this way, only that portion of the spectrum containing the 
absorption region under examination, would be passed through 
the collimating slit of the grating spectrometer, thus avoiding all 
confusion due to overlapping spectra. Peculiarities in the spectra 
produced by gratings from continuous sources, pointed out by 
Paschen, were to be avoided by observing the percentage of 
absorption when the tank containing the absorbing gas was moved 
in and out of the beam. This procedure also eliminated the 
effects of the tank windows, provided they were extended suffi- 
ciently to remain continuously in the beam. 

These ideas were carried into effect in two theses, one by 
Sleator on water-vapor and the second by Imes on the hydrogen 
halides, HCl, HBr, HF. Fig. 1 shows the best arrangement of 
apparatus for this purpose from the point of view of compact- 
ness and general convenience. It was designed by Sleator. The 
prism is of rock salt having an angle of about 18°. A series of 
gratings having respectively 1000, 2500, 5000, 7500, 15 000, and 
20 000 lines per inch make it possible to use a maximum resolving 
power over a large part of the near infra-red spectrum. In the 
3.5m region where the fundamental HCI band is situated, the 
effect of thus increasing the resolving power is seen when it is 
stated that the spectral: region falling on the thermopile slit in 
the case of Burmeister was 400 A. U., Von Bahr 100 A. U. and 
Imes 29 A. U. Obviously this diminution of the spectral region 
energizing the thermopile, while necessary to bring out the details 
of the fine structure of the bands, severely taxes the sensitivity 
of the thermopile and galvanometer, particularly since this 
radiation of narrow spectral range is further weakened by reflec- 
tion at the numerous reflecting surfaces and by division into 
spectra of several orders by the grating. The general type of 
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these instruments has been described in detail by Coblentz* and 
will not be considered here. Before the data of Sleator and 
Imes were published a paper by Brinsmade and Kemble’ appeared 


Fic. 1. Combined prism and grating spectrometer. 


in which they had materially increased the resolution of the 
HCI band at 3.5 by decreasing the slit width of a prism spectrom- 


*Coblentz: Report on Instruments and Methods of Radiometry. Journat 
Optica Soc. 5 p. 259; 1921. 


7 Brinsmade and Kemble: Proc. Nat. Acad. Sci. 3, p. 420; 1917. 
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eter. They found 14 lines altogether in the short wave-length 
component of the original doublet and 6 in the longer one. In 
addition they found similar results for HBr and harmonics for 
HC! and HBr, which according to their results had double the 
frequency of the fundamental. The harmonics were not resolved 
into a fine structure though a double prism spectrometer was used. 
In this work the spectral region of the thermopile slit was approxi- 
mately 70 A. U. at 3. 5y. 

Imes* results for the HCl band at 3.5 are shown graphically 
in Fig. 2. There is a more complete resolution and the maxima 
of the lines are measurable with an accuracy of a few Angstrom 
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Fic. 2. Absorption band of HCl at 3.5 as determined by Imes. 


units. Colby and Meyer® by heating the absorbing gas several 
hundred degrees increased the 24 bands of Imes to 32. Very 
recent unpublished work by the same workers has extended this 
absorption to 40 lines. 

In addition to the bands in the near infra-red showing doublet 
or still finer structure, there are for a number of gases absorption 
bands extending, in the case of some, over large regions of the 
extreme infra-red spectrum. 

Drude first suggested that these bands were due to the rota- 
tions of molecules carrying polar charges, while the bands first 


® Randall and Imes. Proc. Am. Phys. Soc. Nov. 1919. Phys. Rev. 15, 152, 1920. 
Imes, Astrophys. Jour. 50, 251, 1919. 

*Colby and Meyer, Astrophys. Jour., 53, p. 300;1921. Randall, Colby, Paton, 
Phys. Rev. 15, p. 541; 1920. 
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mentioned in the near infra-red extending over comparatively 
short spectral regions originated from vibrations within the mole- 
cule. 

Bjerrum, using an idea of Rayleigh’s, suggested that since these 
molecular systems possess both vibrational frequencies, »,., and 
rotational frequencies, v,, they should show also the two addi- 
tional frequencies ».+v, and ».—v,. Assuming that the 
rotational frequencies have a Maxwellian distribution, these two 
combination frequencies offer a plausible explanation of the 
doublets so frequently found in this region. When each doublet 
was shown to possess a fine structure Bjerrum, adopting the 
Nernst idea that rotational energy could be quantenized, expressed 
the rotational energy of a molecule as E,=n h v, and also as 

E, =} I(2v,)? 


, : h : 

from which relations v,= = 7° where v, represents alike the fre- 
us 

quency of rotation of the molecule and the frequency of the 


2},2 
aborbed or radiated energy. E,= - = The rotational spec- 
T 


trum should accordingly consist of a series of equispaced bands 


whose frequencies are integral multiples of Ss In this case the 
T 


combination lines »,.+v, become ».+ ne and each component 
T 

of the doublet is resolved into a number of lines equidistant from 
each other. These relations appeared to represent the observa- 
tions then available, at least qualitatively. The great success of 
the Bohr atom however compels a similar treatment for the 
molecule. This has been developed largely by Sommerfeld'’® and 
Lenz." 

The molecule is accordingly assumed capable of existing in a 
series of stationary states and to neither radiate nor absorb energy 
while in any one of these states. When energy is radiated or 
absorbed the molecule passes from one stationary state to another 


1 Sommerfeld, Atombau, chap. 7, 3rd ed. 
" Lenz, Verh. d. D. Phys. Ges. 3/, p. 632; 1919. 
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and the frequency of radiation involved is given by the relation 
hv=W,—W.,., where the W’s represent the total energies of the 
molecule in the initial and final states. 

In getting expressions for the energy of any stationary state 
it is assumed that a.molecule can vibrate along one or more axes, 
can rotate about axes normal to the vibrational axes and that in 
general there will be a precessional motion of these axes of rota- 
tion. In the case of the halides which will be used principally 
as illustrations, there is reason from various grounds for assuming 
that there is no rotation of the molecules about the axes of vibra- 
tion with the result that the precessional motions of the axes of 
rotation are eliminated. In this case therefore the expressions 
for the energy of the molecule in any stationary state will involve 
only energy of vibration along the axis connecting the nuclei of 
the hydrogen and halogen ions, together with rotational energy 
about an axis passing through the centroid of the system and nor- 
mal to the axis of vibration. 

In Sommerfeld’s formulation of the quantum hypothesis 
Spdq=nh where p is the impulse or momentum coordinate and 
q the space coordinate of the system. In the present case the 
vibrational energy E, may be written E, =nhy, since a vibrating 
halide molecule is approximately a Planck vibrator. 

For rotational energy, Em, fp dq =mh becomes 

{M wade = mh 
om man 
2x1 
m* 
4x] 
Enw= ot 
8x7] 
W,—W.,=hv becomes (Egisn+Em+am) — 
(E,+Em) =hv 
hy = (En+an ons E,) + (inten er E.) 
(m+Am)*h? _ m*h* 
8x7’ 8x°J 


p= 


= Anhy, + assuming J to be 


a function of », 
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Applying the selection Principal of Rubinowitz An =any whole 
number and Am= +1, 
(m+1)*h?  m*h* 
8x7]’ 8x7] 
4 +2m_ mal 
I I? 


hy = nhvo + 


=nhv, ras 
8x? 


h? ee) 





). When J is not 


a function of », hy=nhvy,+— 
8x? I 
2 2 
= nhve + Ud + mi’ 
8x7l 4x] 
h 
+m 
82°] 4x] 
There is accordingly a-system of bands arranged symmetrically 


v=Nyot 


about a point whose frequency is nro instead of about mv, as 
T 


required by the Bjerrum theory. mv, must lie out of the mid posi- 
tion toward the side of lower frequency an amount equal to 


h : , : 
a or half the interval separating the successive band compo- 
T 


nents, ; 
4x7] 

According to the last equation the combination lines are equi- 
spaced about this mid point, being separated from each other by a 
frequency difference of = except at the center where the dif- 
ference is doubled. This equispacing is not in agreement with 
Imes observations which show a crowding of bands on the short 
wave-length or high frequency side. 

Instead of the vibrational and rotational states being mutually 
independent as has been assumed so far it is evident that the 
molecule in each of its stationary vibrational states must be char- 
acterized by a definite amplitude of vibration and accordingly by 
a moment of inertia which will vary between certain limits. 
Changes in vibrational states therefore react upon the rotation of 
the molecules. Similarly when a molecule takes on or gives up 
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energy by changing the states of rotation the forces between the 
atomic nuclei are altered and the vibration of the molecule is 
altered. By taking into account these mutual reactions Kratzer" 
was able to show that there should be the crowding which the 
observations show. 

To connect the changes in the stationary states of the mole- 
cules more directly with the lines observed one may assume that 
the molecule is in the stationary state where n=0 and m=1 
(m=0 is not possible according to observed data). That is, the 
molecule has no vibratory energy (n =0) but does have energy of 
rotation sufficient to put it in rotational state m=1. 

If energy is absorbed which changes the molecule to a stationary 
state where n =1, i.e. where it vibrates with the smallest possible 
amount of vibrational energy, it is assumed by Lenz that there 
are accompanying rotational changes as well where Am= +1. 
That Am should be both positive and negative, seems possible as 
the energy required to change from state 0 to 1 vibrationally is 
large in comparison to the energy quantities associated with 
changes of rotational states. Am=-—1 would mean that the 
molecule by dropping from energy level m=1 to m=0 rotation- 
ally had in effect transferred its energy of rotation to vibration 
and accordingly would absorb less radiant energy to rise from 
vibrational level »=0 to level n=1. This lessened amount 
divided by h/ gives the frequency of the absorbed radiation. On 
the other hand, if the absorbed radiant energy raises the molecule 
from the stationary state »=0 to n=1 vibrationally and at the 
same time from m=1 to m=2 (Am=-+1) rotationally, energy 
of radiation is required for both processes and this amount 
divided by / gives the frequency of absorbed radiation, evidently 
somewhat larger than the first frequency. If it is assumed with 
Lenz that Am=—1 and Am= +1 are equally possible these two 
absorption bands would be equally intense. They form the first 


pair of lines equally distant from the mid point rob and are 
us 


numbered +1 and —1, +1 representing the higher frequency. 


12 Kratzer, Zeitschr. f. Phys., 3, p. 289; 1920. 
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A change from stationary state »=0 and m=2 would result in 
the two stationary states m=1, and m=1 and m=3 the energy 
changes attending the jump from the initial state to either of the 
two final states divided by h will give the frequencies of the two 
narrow lines numbered +2 and —2. 

> V 
BAND NO. —S —2 Mrenty +1 +2 +3 























CHANGE OF 
ROTATIONAL 372 2~1 i~O Omi i-2 2>3 
STATE 


Fic. 3. Scheme of HCl band at 3.5y. h 
(Note. The figure incorrectly locates line —1. Its distance from ¥o+ Be)’ with 
vo in the mid position, should be the same as that of +1.) Sat 


Should the molecule in vibrational state n = 1 absorb energy and 
pass to vibrational state »=2, Kratzer has shown that the 
frequency of the absorbed radiation would have its center of 
symmetry displaced several lines to the long wave-length side of 
the center, 0, Fig. 2, and the fine structure resulting from the 
accompanying rotational changes would overlap the lines due 
to the first change 0 to 1. As vibrationally state 1 is very infre- 
quent in comparison with state 0 this second line system over 
lying the first will be very faint, being possibly shown by the 
very small lines between lines 10 and 11 and between lines 11 and 
12 of Imes curve, Fig. 2. 

When, upon absorption, the vibrational state 0 changes to 
state 2 the frequency of the absorbed radiation is approximately 
double that of the change 0 to 1 and the resulting band spectrum 
is the “harmonic,” Fig. 4, while that due to the change 0 to 1 is 
the “fundamental.” 

Chlorine is a mixture of two isotopes having atomic weights 
35 and 37 approximately in the proportion of 3 to 1. Loomis 
and Kratzer have shown that each of the combination lines of the 
HCI spectrum should be double with a wider separation in the 
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“*harmonic”’ than in the “fundamental.”” As there is much more 
energy in the region of the harmonic, 1.7, than in that of the 
fundamental, 3.5y, it was possible to apply much higher resolu- 
tion in the case of the “harmonic’’ with the result that each line 
appears as a doublet of the separation, 14 A. U. and relative 
intensity required by theory. 


Fic. 4. “Harmonic” of HCl at 1.7 as determined by Imes. 

The values of J =2.59410-° cm* gm and of the distance be- 
tween the nuclei of the H and Cl atoms, 1.265 x 10-* cm obtained 
by Kratzer on the basis of Imes data' are to be accepted as the 
most accurate values of these quantities so far obtained. 

When one turns to the spectra of triatomic gases it is found that 
water vapor and carbon dioxide have been most completely stud- 
ied. This is because they are interesting in themselves and also 
because their presence in the atmosphere frequently complicates 
observations upon other gases. To prevent confusion a complete 
knowledge of their spectra has become necessary. 

In the case of water vapor there is a rotation spectrum extend- 
ing from 20 to 132y, of which our knowledge is due principally 
to Rubens and his associates. In the near infra-red there are 
combination bands at 1.3y, 1.8u, 2.6u, 6.264, measured by 
Coblentz.% These have been investigated by Sleator™ using the 
grating spectrometer previously described. Each of these bands 
has shown a very complicated structure and in each band system 
certain of the lines have a form which makes it most certain that 
further resolution, if it could be brought to bear, would show fur- 
ther separation into narrower lines. 

This great complexity of the combination bands of water vapor 
has made an interpretation of the results along the lines devel- 
oped for the halides very difficult. Bjerrum and Eucken using 

8 Coblentz, Investigations of Infra-red Spectra, p. 185; (Carnegie Institution, 
Washington); 1905. 
“4 Sleator Astrophys. Jour., 48, 125, 1918. 
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the former’s theory were able to account for all the rotation lines 
then known by making use of the relatively few lines which von 
Bahr obtained when she first resolved the band at 6y into com- 
ponent lines. Rubens” has been able to account for all of the lines 
of the rotation spectrum, which recent work has shown to be 
fairly continuous from 20u to 135, 23 lines in all, by using only 
a fraction of the lines measured by Sleator at 6u. As there should 
be a one to one correspondence between the lines of the rotation 
spectrum and the pairs of lines of the combination spectrum this 
excess of lines in the latter is an embarassment. 

Rubens bases his calculations on the supposition that the 
rotation spectrum is complex, consisting of two overlapping series. 
This would result in a corresponding overlapping in the combina- 
tion series and explain, in part at least, their complexity. The 
failure to find rotation lines corresponding to all of Sleator’s lines 
in the combination spectra and the fact that for the longest wave- 
lengths of the rotation spectrum the agreement between com- 
puted and measured values becomes progressively poorer suggest 
that there is a third rotation spectrum too weak to be detected 
by the present experimental methods used in measuring rotation 


spectra but which is able to produce measurable effects in the 
combination bands. 


With high dispersion the combination bands tend to lose any 
symmetry of form they may seem to have when less resolved so 
that the location of the band center becomes very doubtful. Any 
band as a whole shows crowding in the shorter wave-length sid 
as do those of the halides. e 

Sleator and Phelps” have extended the former’s work at 6 so 
that this entire band is now resolved as completely as present ex- 
perimental means will permit. This work has added considerably 
to the number of lines already reported in this band and further 
resolution if available will increase this number. It has been 
possible to pick out several series of lines which are approximately 
equispaced though the variations are somewhat beyond the 
limits of error of the measurements. This equispacing, which 


% Rubens, Sitz. d. Kgl. Preuss. Akad. d. Wiss. Berlin, Oct. 21 p. 8, 1920. 
% Sleator and Phelps: Phys. Rev. 19, 394, 1922. 
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is in agreement with the equispacing in the rotation spectrum 
differentiates the spectrum of water vapor from those of the 
halides since there the spacing between their adjacent lines 
decreased as the short wave-length end of the band was ap- 
proached. If the interaction of the rotational and vibrational 
states caused this crowding in the case of the halides these effects 
are less active in the case of water vapor. Three of these groups 
show an average interval between lines in waves per cm of 
17.51, 18.38 and 18.28 respectively with 3.157.10-, 3.013 x 
10-*° and 3.02410-* gm cm? as the corresponding moments of 
inertia. These values are in good agreement with those recently 
calculated by Eucken. They are quite accurably double the 
value computed from the measurements of Heulinger on the 
ultraviolet absorption spectrum of water vapor. While there 
have been relations and determinations obtained from the various 
spectra of water vapor whose truth seems so probable that there 
must be considerable confidence that real progress has been made, 
the great complexity of all the spectra will require much more 
work before anything like the same degree of development can 
be attained as now obtains in the case of the halides. Sleator and 
Phelps have very recently completed the measurements upon 
the fine structure of the water vapor bands at 1.3y, 1.8u, 2.6y 
but the results have not yet been sufficiently worked up to deter- 
mine whether or not they confirm the deductions arrived at 
from the data given by the band at 6. 

Carbon dioxide has been known to have three absorption 
bands, situated at 2.7, 4.34 and 14.7y.'’ Barker,'* using the 
prism-grating spectrometer, has recently examined the first two 
of these bands with the maximum resolution which could be 
applied: In the case of the band at 2.7, the slit covered a spec- 
tral range of but 12 A U. This band which Hertz had shown to 
be a doublet was found to be a pair of very close doublets having 
band centers at 2.694y and 2.767yu, while the band at 4.3 was 
shown to be a doublet with center at 4.2534. The moment 

17 Coblentz, Carnegie Institute, p. 176, 1905; Von Bahr, D. Phys. Ges. Verh. 15 
p. 723, 1156, 1913; Hertz, D. Phys. Ges. Verh. 13 p. 636, 1911; Burneister, D. Phys. 


Ges. Verh. 15 p. 610, 1913. 
16 Barker, Astrphys. Jour. 55. 331, 1922. 
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of inertia computed from the frequency differences of the maxima 
of the three doublets gives the following values. 53.4x10-*, 
49.5X10-*° and 48.6X10-*° gm cm-*. This large value of the 
moment of inertia which was computed on the basis of the linear 
model of Langmuir, explains the failure of a fine structure to 
develop, though there was indication of this in the bands at 2.7y. 
The low rotation frequency resulting from this value of the mo- 
ment of inertia places the rotation spectrum of CO, beyond 300y, 
which is in agreement with the fact that Rubens found no CO, 
bands in the long wave-length region below 300u. The lines of 
the combination bands would therefore be very close together 
and more powerful methods than those now available will be 
required to separate them. The general shape of these doublets, 
the greater steepness on the short wave-length side, with much 
greater extension on the long wave-length side upon heating 
indicate a similarity to the halide bands. 

All models of the carbon dioxide molecule call for three degrees 
of freedom of vibration. This would require three combination 
bands in the near infra-red. The discovery of the double doublet 
at 2.74 makes four combination bands. As none may be con- 
sidered a harmonic, Barker suggests that the pair of near doublets 
at 2.74 may be due to changes in the vibrational states, one to a 
transition from state 0 to state 1, the other from state 1 to state 2. 
The near equality in intensity of the two doublets indicates that 
there are as many molecules normally in state 1 as in state 0 in 
great contrast to HCl where the number of molecules in state 1, 
if the indication of weak absorption lines between the lines 10 
and 12 of Imes figure is real, are very few in comparison with 
those in state 0. 

In conclusion it may be of interest to add that the fine structure 
of the CH bands at 3.34 and 7.7u have been quite completely 
measured by J. P. Cooley, working in this laboratory. | While not 
so simple in structure as the bands belonging to the halogen 
hydrides the structure is so much simpler than that of the water 
vapor bands as to make an interpretation of their chief charac- 
teristics, which appear quite distinctive, very promising. 

PaysicaAL LABORATORY 


UNIVERSITY OF MICHIGAN 
Ann Arpor, MICH. 
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NOTE ON THE ENERGY EXCHANGES IN THE 
FORMATION OF THE LATENT IMAGE OF A 
PHOTOGRAPHIC EMULSION 


A CORRECTION 
By S. E. SHEPPARD AND E. P. WIGHTMAN 


In the November issue, 1922, of this journal, pp. 913-16, we 
have a note bearing the above title. In this note there are two 
slips which have been called to our attention by Mr. F. F. Ren- 
wick and which we should like to correct. 

The first is a typographical error missed in proofreading. In 
the first equation, page 914, 10™ should read 10°” and the 
equation then reads 

€:=10.5x10-0 Watt 

The second was the omission of the factor 10-* in the equation 
on the same page which evaluates m the number of molecules 
affected by the light. This equation should read: 

9 =O X10F _ 4 X10°% _ 10.5X10" 
hy & 4.3710" 
The errata do not affect the results, not occurring in the original 
calculations. 
RocHEsTER, N. Y. 
DecemBer 14, 1922. 














PROCEEDINGS 


re OpTIcAL SOCIETY OF AMERICA 
THE SEVENTH ANNUAL MEETING 


The Seventh Annual Meeting of the Optical Society of America 
. was held at the National Bureau of Standards, Washington, 
% October 25, 26, 27, and 28, 1922, President Troland presiding. 

One hundred and thirteen persons registered as in attendance 
at the meeting. Eighty-five of these were from outside of Wash- 
ington. The actual number attending at one time or another 
was probably about 150. The number in attendance at any one 
time at the sessions for the reading of papers, ranged from about 
30 to over 100. 

An Exhibit of Optical Instruments was held in connection 
with this meeting; and visitors were also given an opportunity 
to inspect the optical equipment of the Bureau of Standards. 

The condensed program follows: 


n 


Wepnespay, October 25, 1922 
9:00 A.M. to 12:00 M: Bureau of Standards Laboratory exhibits open to informal 
visits. 
2:00 P.M. Business meeting. 
Reports of officers and general Committees. 
Reports of committees on Nomenclature and Standards. 


Tuurspay, October 26, 1922 

8:00-10:00 A.M. Glass Plant. 

Open to informal visits. Pot of optical glass being stirred. 
10:00 A.M. General Session. 

Address of welcome by Dr. S. W. Stratton, Director, Bureau of 
Standards. 
Response by Dr. Leonard T. Troland, President, Optical Society. 
Miscellaneous optics papers. 

2:00 P.M. Session on solar, stellar, and planetary radiation. 


Invited papers by Dr. C. G. Abbott and Dr. W. W. Coblentz. 
4:00-6:00 P.M. Glass Plant, open to informal visits. 
Moulding, annealing and inspection of optical glass. 
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8:00-9:00 P.M. Illustrated Address (by invitation). 
Prof. W. J. Humphreys, U. S. Weather Bureau on “The Optics of the 
Atmosphere.” 
9:00-10:00 P.M. Glass Plant, open to visitors. 
9:30 P.M. Pot of optical glass removed from furnace. 
Fripay, October 27, 1922 
9:00 A.M. First session on physiologic optics. 
2:00 P.M. Second session on physiologic optics. 
8:00-10:00 P.M. Special session on physiologic optics for papers by invitation of 
the Committee. 
SATURDAY, October 28, 1922 


9:00 A.M. Session on photometry, colorimetry and optical pyrometry. 

2:00 P.M. Session on Photography. 

The Exhibit of Optical Instruments was open as follows: 
Tuurspay, 12:00 Noon to 8:00 P.M. 


Fripay, 11:00 A.M. to 8:00 P.M. 
SaTurDAY, 11:00 A.M. to 6:00 P.M. 
A synopsis of the proceedings, papers, and special features of 
the meeting is given below. 
I. BUSINESS 

The report of the secretary and membership committee (published elsewhere in 
the Journal) was read in part. 

The president communicated an informal report from the treasurer, the formal 
report to be submitted at the end of the fiscal year. 

The following reports of general committees were received informally. 
Physiologic Optics .........F. K. Richtmyer, Chairman 
Combination of Journal with Instrument Makers’ Journal. J. P. C. Southall, Chairman 
Ways and Means of Bupetng and Publishing an English Translation of Helmholtz’s 

J. P. C. Southall, Chairman 

Brief oral reports were made by the following Progress Committees (Committees 
on Nomenclature and Standards). 

Reflectometry. . . A. H. Taylor 
Spectroradiometry.... . P W. W. Coblentz 
Visual Refraction. ..... A. Ames, Jr. 
Wave-lengths W. F. Meggers 
reersarped and Illumination. . E. C. Crittenden 

: G. W. Morey 
BN Materials Beas .R. Davis 
Projection ; L. A. Jones 
Pyrometry.... he C. O. Fairchild 
Refractometry. .... ..1. C. Gardner 
Spectrophotometry ..K. S. Gibson 

The Executive Council was requested to consider the reorganization and scope 
of the work of the committees on Nomenclature and Standards (See minutes of Execu- 
tive Council). 
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II. SpeEcIAL PAPERS 
The following papers were given by special invitation. 
APPARATUS AND RESULTS OF SOLAR RapiATION Work. Dr. C. G. Abbot, Smith- 
sonian Institution. 
THERMOCOUPLE MEASUREMENTS OF STELLAR AND PLANETARY RADIATION. Dr. 

W. W. Coblentz, Bureau of Standards. 

THe Optics OF THE ATMOSPHERE. Prof. W. J. Humphreys, U. S. Weather Bureau. 
PuoTic ORIENTATION IN ORGANISMS. S. O. Mast, Johns Hopkins. 

In the lowest forms (Ameba) there are no observable receptors. Orientation is 
apparently due to inhibition of movement toward the more highly illuminated side. 
In other unicellular forms (Euglena) there are receptors of a primitive type which 
serve to produce in unoriented specimens, rapid changes in luminous intensity on the 
sensitive tissue resulting in orienting reactions of the “trigger’’ type. Orientation in 
colonial forms is like this but the receptors are more complicated. In the flat-worms 
the receptors (eyes) are of such a nature that illumination from different directions 
results in different locations of the stimulus, each of which produces specific series of 
orienting reactions. Orientation is, therefore, brought about by “differential responses 
to localised stimulation.” Orientation in insects is similar to this. 

The relation between wave-length and stimulation and the nature of the action 
of light were discussed. 

ELECTRICAL RESPONSE OF THE RETINA TO STiMULATION BY LicuT. E. L. Chaffee and 

W. T. Bovie, Harvard. 

The preliminary work on the electrical response of the retina was reported last 
year at the Rochester meeting of the Optical Society. Since then some additional 
results have been obtained along several lines, the most important of which are: the 
more complete analysis of the typical response, the measurement of the response to 
different colors, and the advance of the theory of action. 

The typical response is analysable into four distinct maxima and their relations 
have been studied. Besides these grosser characteristics of the response curve, the 
latter often shows fine regular oscillations, especially prominent during steady illumina- 
tion and on the “off effect.” Sometimes these oscillations occur in beats of remarkable 
regularity. The first quick response is also composed of very rapid fluctuations not 
before noted. 

On RervLex Visuat Sensations. Frank Allen, University of Manitoba. 

In following up ideas suggested by the discovery of certain visual transition 
points in the spectrum, it seemed probable that an investigation of the effect of fatigue 
in one eye on the perception of colors by the other might aid the solution of problems 
of color vision. For various reasons the experiments were carried out in a room illumin- 
ated by daylight. The left eye was fatigued and measurements of critical frequency 
of flicker were made with right eye which was always in daylight adaptation. 

The general result was the discovery that each color of the spectrum produced 
a reflex effect which affected three parts, red, violet, and green-yellow. Each reflex 
curve had three depressions below normal. Two additional transition points—six in 
all—were found at the intersections of the Abney sensation curves. 

Fatigue curves for right eye were also obtained when left eye was in daylight 
adaptation. The curves show elevations in the sensations affected directly, and 
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reflex depressions in the one or two remaining. Elevations and depressions were always 
three in number. When left eye was blindfolded—darkness adapted—effect on right 
eye was most marked, and almost counterbalanced the reflex effects. The transition 
points are now called equilibrium points as denoting equilibrium between direct and 
reflex action of colors. These experiments show that every ray of color stimulates al! 
three sensations by reflex action thereby causing a sensation of whiteness underlying 
and inseparable from color. 

This principle of reflex color sensation seems to explain, among others, achromatic 


vision at high and low intensities, non-saturation of colors, contrast, and complemen- 
tary colors. 


III. CoNTRIBUTED PAPERS 


The following are the abstracts of papers offered by members 

and others and actually presented at this meeting. 

THe REFLECTION OF ULTRAVIOLET BY Flowers. F. K. Richtmyer, Cornell. 

It is known that certain insects are sensitive to ultraviolet, and that the luminosity 
curve of some lower organisms has a maximum shifted toward the blue end of the 
spectrum as compared with the maximum of the human eye. This raises the question 
as to the part which ultraviolet, if reflected at all from flowers, plays in insect vision in 
guiding the insect to the flower in its search for honey and pollen. 

The ultraviolet reflection of some twenty-five Colorado flowers was studied. With 
few notable exceptions, the ultraviolet reflection of most of them was small. Ap- 
parently, flowers differ from each other in respect to their ultraviolet reflection as much 
as they do in respect of the visible. Certain yellow flowers show a distinct ultraviolet 
reflection band, while most white flowers studied showed practically none. 

(The paper is in press in J. Op. Soc. Am.) 

Some Unusvar Hatos. W. J. Humphreys, U. S. Weather Bureau. 

Among the rarely observed halos, concentric about the sun, that have not hitherto 
been satisfactorily explained are those of the following angular radii, namely, 8, 17, 
19, 32 and 90 degrees. 

It is shown that all these halos may be produced by one and the same bipyramidal 
snow crystal having a certain axial ratio indicated jointly by X-ray analysis and the 
laws of crystallography. 

Tue ExciTATION OF SPARK SPECTRA OF RuBIDIUM AND CAgEsIUM IN A Low VOLTAGE 
Arc. F. L. Mohler, Paul D. Foote, A. E. Ruark, and C. C. Kiess, Bureau of 
Standards. 

A modification of the form of Wehnelt arc previously used by Foote, Meggers, 
and Mohler was employed to study the transition from arc to spark spectra in rubidium 
and caesium. The new feature in the discharge tube was the use of a magnetic field 
parallel to the tube which concentrated the electron current in a narrow beam along the 
axis and line of sight. The spectroscopic results show that the spark spectra of both 
elements appear at approximately 14 volts. There is evidence that in both cases one 
or two lines are excited at a much lower voltage suggesting an analogy with single line 
spark spectra of 2nd group elements (See “Origin of Spectra” Foote and Mohler). No 
other higher critical potentials were found. 

The theory of atomic structure indicates that the potentials required to excite 
these spark spectra are determined by the limiting frequencies of the N X-ray series 
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of rubidium and the O series of caesium. Spectro-photographic methods cannot be 
easily used to locate critical potentials and in the present case the value 14 volts may 
be in error by several volts. 


Some OBSERVATIONS ON THE TRANSFORMATION OF THERMAL RADIANT ENERGY INTO 

ELEcTrRic CURRENT IN MOLYBDENITE. W. W. Coblentz, Bureau of Standards. 

As announced in the Bureau of Standards Tech. News Bulletin No. 61 of May 11, 
1922, during the past year the writer has been searching for a possible relation between 
(1) an emf which is observed in isolated spots in certain samples of molybdenite when 
exposed to thermal radiation but without an impressed emf; and (2) the photoelectrical 
reaction (which is usually considered a change in resistance) exhibited in these same 
spots, when subjected to an impressed emf and exposed to thermal radiation. 

The materials examined are narrow strips of molybdenite 1 to 6 cm in length, 
soldered to copper wires which are connected with a Thomson galvanometer. 

Touching the copper-molybdenite junctures with a thin hot wire produces the 
well known thermal emf of a heterogeneous circuit. Touching the intervening parts of 
the crystal with the hot wire produces no emfs. 

On the other hand, focusing the short wave length radiations from a Nernst 
glower or tungsten-ribbon lamp upon different parts of the crystal, remote from the 
electrodes, produces in some samples local emfs which differ in magnitude and in 
polarity. 

Exposing a spot, exhibiting a high emf, to an equal energy spectrum, an electri¢ 
current is generated which is a function of the intensity, and the wave-length of the 
light stimulus and of the thickness of the crystal. The maximum effect was produced 
by wave-lengths extending from 0.6 to 0.8 microns, and no emf was found for wave- 
lengths greater than 1 micron. 

The spots exhibiting local emfs, caused by thermal radiation, do not seem to coin- 
cide always with the spots exhibiting the photoelectrical reactions (change in resist- 
ance) when there is an impressed emf; though further investigation may show that this 
is owing to the fact that the thermal emf effect is found to be extremely small in com- 
comparison with photoelectrical reaction. 

The polarity of this newly observed thermal emf may be photonegative or photo- 
positive, depending upon the wave length of the thermal radiation stimulus just as was 
previously observed for the photoelectrical reaction (resistance change) when there is 
an external emf. It is therefore an interesting question whether the so-called photo- 
electrical reactions in solids, when subjected to an impressed emf, are an amplification 
of the emfs produced by thermal radiation but without an impressed emf. 

(The complete paper is to be published in Bur. Stds. Sci. Papers) 


EXTRAORDINARY DirFrRACTION OF X-Rays. L. W. McKeehan. Bell System Labora- 
tories. 

Crystals containing elements whose characteristic X-ray spectra can be excited 
by the monochromatic incident X-rays used in the powder method of crystal analysis 
give diffraction effects not completely explained by the usual theories. The surplus 
diffraction spots are, however, explained qualitatively at least, by assuming that the 
incident radiation contains regularly spaced trains of singularities (waves) each capable 
of initiating characteristic secondary X-rays, naturally always of greater wave-lengths 
than the corresponding primary X-rays from the atoms of the crystal. It must, 
further, be assumed that the relations in time and phase between the primary and 
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secondary waves are the same at all emitting centers. The angle of deviation of the 
diffracted rays of characteristic type is found to depend upon two wave-lengths instead 
of one and can assume values impossible to non-characteristic rays diffracted by the 
same crystal. The analysis is given for a simple type of crystal analogous to thos: 
with which the new effects were observed, and emphasis is laid upon the difference 
between what it is proposed to call “extraordinary diffraction” and the previously, 
recognized, or ordinary, diffraction effects. 


SmmpLe EquipMENT FOR DETECTING THE Errors OF Screws. Wilmer Souder, Bureau 
of Standards. 

The screw is supported in two fixed V-blocks, one of which has a short segment of 
thread inserted and in contact with the screw, thus furnishing a partial support. A 
third V-block is similarly equipped and is placed over the block with the insert, making 
a sort of split nut with two points of contact. 

As the screw is rotated it progresses through the V-blocks or split nut. With a 
perfect thread no relative motion of the top or free block will be detected. 

For periodic errors, the variations of helix angle 180° apart are played against each 
other and cause forward and backward motions of the free block. This motion is 
picked up by an interferometer arranged for this test. 

The free block when moved to other parts of the screw enables one to compare 
pitches of threads at different intervals. By changing the interferometer plates for 
‘transverse displacements, the conditions of curvature and concentricity of axes of 
screw and bearing are readily verified. 

The method gives the differentiated error for each short element of thread and 
while no adequate means of independent verification of accuracy are available, repeat 
tests give agreement to better than one micron. 


REFRACTION OF A THIN PENCIL BY ANY REFRACTING SURFACE: GENERALIZED MERI- 

DIONAL AND SAGITTAL Formutas. E. D. Roe, Jr., Syracuse University. 

In this investigation, undertaken at the suggestion of the Scientific Bureau of the 
Bausch & Lomb Optical Company, formulas for the refraction of a thin pencil of 
light by a refracting surface of any given form whatever are derived. 

The derivation depends upon the proposition of Malus and the use of the three 
indicatrices or osculating paraboloids of the refracting surface and of the two wave 
front surfaces immediately before and after refraction, at the point of incidence. 

If u=O, v=O and z=f (x, y) are the equations of the osculating paraboloids of 
the two wave front surfaces and of the refracting surface respectively, and n and n’ 
the indices of refraction in the first and second medium respectively, it is proven that 
if z=f (x, y) is substituted in nu—n’v the result is an infinitesimal of as high an order 
as the third and the consequent vanishing of the terms of the second order gives the 
general formulas. Various cases are discussed. 


Tae DiopTroMETER, AN APPARATUS FOR MEASURING THE POWER OF THE ‘COMMERCIAL 

Lenses. Henry F. Kurtz, Bausch and Lomb. 

Previous methods of determining the power of lenses are described which are 
more or less laboratory methods, but, together with former primitive workshop 
apparatus are the basis of the modern instrument which enables the user to measure 
rapidly and exactly spherical and cylindrical lenses within +0.02 D and read cylinder 
axes within +0.05°. The reading of cylindrical powers is accomplished without the 
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necessity of setting successively for each meridian. In other words, the setting target 
appears simultaneously sharp in both meridians while the readings can be made on 
two drums. 

A number of models were described showing different stages of development. 


THE MEASUREMENT AND SPECIFICATION OF OPTICAL CHARACTERISTICS IN PROJECTOR 

PERFORMANCE. G. W. Moffitt, Frankford Arsenal. 

Those optical characteristics that should be the basis for judging the performance 
of a projector are considered. The characteristics dealt with are definition, screen 
illumination, and quality. Some present day tendencies in projection lens design are 
mentioned. 

Projection lenses may be tested for definition in position on the projector. A 
simple method of making adequate definition tests over the entire field is suggested. 

Results of screen illumination tests should be accepted with caution, for it is image 
forming illumination that is important. Total illumination gained at the expense of 
image forming illumination may be no net gain at all. 

Lack of quality in projection is revealed by the degraded rendition of the contrasts 
of the film. Not enough attention has been given to this point in the past. In fact, a 
statement of the optical characteristics of a projector’s performance may be regarded as 
incomplete unless it includes adequate reference to contrast rendering ability. 

By the use of a system of measurement and specification along the lines suggested 
in this paper the optics of projection may be placed on a definite basis quite as readily 
as has been done for the photographic lens. 

(The complete paper is in press in J. Op. Soc. Am.) 


THE PRACTICAL APPLICATION OF PARABOLIC SURFACES IN LENS Construction. W. B. 

Rayton, Bausch and Lomb. 

The application of aspheric surfaces in the design of lenses for the purpose of 
correcting aberrations has attracted the interest of opticians since earliest times. Very 
few cases lead to surfaces which can be generated by any reasonably simple mechanical 
motion. Parabolic surfaces coincide with these aspheric surfaces to a higher order of 
accuracy than do spheres, therefore their employment leads to results unattainable by 
the use of spherical surfaces alone. 

The Bausch & Lomb Optical Company began several years ago using such surfaces 
in microscope condensers, and has since extended their application to ophthalmic 
lenses, projection condensers, and finally to the development of a taking lens, for 
motion picture cameras, with the extraordinary high speed of f:2.0. 

Graphs showing the improvement in correction of aberrations were shown. 


Some Recent ContTrisvuTions TO PsycHopHysIOLoGicaL Optics. L. T. Troland, 

Harvard. 

This paper reviewed briefly the results of several important lines of research in 
psychophysiological optics which have been followed by certain European investiga- 
tors since the close of the War. Particular stress was laid upon the recent series of 
papers by Fréhlich dealing with recurrent positive after-images, and with the work 
of Jaensch and others upon “color transformation.” The studies of Piéron upon the 
laws of vision with very brief stimulation were also considered. Theoretical implica- 
tions of these results were discussed, and several new problems which they open up 
were suggested. 
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A Puoto-E.ectric THEory oF Cotor Vision. Janet Howell Clark, Johns Hopkins. 
It is assumed that vision is produced by the emission of photo-electrons from a single 
light-sensitive substance occurring in both rods and cones. When monochromatic 
light falls on rods and cones, electrons are emitted with a mean velocity characteristic 
of the wave-length of the exciting light. The layer of negatively charged electrons and 
the positively charged cone or rod will form the plates of a condenser. On the discharge 
of this condenser a high frequency, alternating current will pass to the brain which wil! 
be different and specific for each wave-length of exciting light. Since each cone is 
connected directly to the brain through one nerve fiber, whereas several rods are con 
nected through one fiber, these characteristic frequencies reach the brain unchanged 
only in the case of the cones, so that the cones alone are responsible for chromati: 
vision. 

(The complete paper has been published in Oct. J. Op. Soc. Am.) 
A Tueory or Cotor Vision. Elliot Q. Adams, Nela Research Laboratories. 

A theory of color vision has been based on the assumptions that the retinal cones 
contain 3 light-sensitive substances similar to “visual purple’—the rod pigment— 
but less stable, and that the antagonistic action of complementary colors may be re- 
ferred to a nervous mechanism like that of “reciprocal innervation.” 

The first assumption presupposes that differences in human cones exist corre- 
sponding to differences in function. Satisfactory histological evidence for this is 
wanting, but it must be borne in mind that the only necessary difference is in the visual 
pigment they contain. Considering the probable shortness of life of the cone pigments 
relative to the time required for the isolation of “visual purple,” it is not surprising that 
the cone pigments have not yet been discovered. 

That compounds of closely related chemical composition may differ in color suffi- 
ciently to account for human visual sensation curves, may be seen by comparing these 
with the spectrophotometric absorption curves for salts of “crystal violet” with 1, 2, 
and 3 molecules of hydrochloric acid, and for rosaniline chloride. It does not follow 
that the light-sensitive substances of the eye are triphenyl-methane derivatives; they 
are probably pyrrole derivatives, like chlorophyll and haemoglobin. 

In accounting for color-blindness the theory assumes absence, or failure of 
segregation of visual pigments. 

The theory agrees with the Young-Helmholtz theory as to the retinal processes 
associated with normal vision. (For the second Young-Helmholtz primary, the name 
“chlor” is suggested, to avoid confusion with the distinctly different hue called “green” 
by psychologists.) 

Its psychological implications agree with Hering’s theory, except in making blue, 
not yellow, “katabolic.” 

Assuming for the primitive light-sensitive substance of the Ladd-Franklin theory 
a mixture of related substances, it agrees with that theory. 

The Troland theory differs in assuming one more light-sensitive substance. 

(The complete paper is in press in Psychological Review.) 


THE FUNDAMENTAL Facts or Cortor-SENSATION, BeInG THE MIntmMAL REQUIRE- 
MENTS OF A COLOR SENSATION THEORY, WITH ILLUSTRATIONS IN Cotor. Chris- 
tine Ladd-Franklin, Columbia. 

The sad waste of intellectual energy involved in the constant production of new 
theories of color-sensation (Prof. Frank Allen has collected some 70 or 80 of them), is 
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something that ought to be prevented, if possible. It would seem that the only way 
to secure the keeping of all these facts in mind at once is to show them in color. (Exhi- 
bition of the collection of colored color charts.) 

But a reformed terminology is also indispensable. The physicist should think 
always of color-sensation theories (and thus not ignore the existence of psychologist). 
He should also adopt my term “‘chroma” (urged since 1913) and with it, as matter of 
course, achroma, chromaticity, achromaticity, unitary colors, color-blend, etc. 

The essential facts of color (very inadequately listed just now by Barton, Nature, 
Sept. 9, 1922) are these: 

1. There is in vision a “substitute mechanism” by which the combination of a 
limited number of constituents takes the place of the 180 discriminable color-tones. 
Many color-theorists have recognized this fact. The number to be assumed has been 
variously taken to be 27, 7, 6, 4, 3 and even (quite recently, in a “rhymic” theory by 
Arthur Adler) 2. But one has failed to notice that this is a question that can be 
settled by experiment. (The experiment is described.) 

II. But although vision is tetrachromatic, it turns out—a most extraordinary 
fact—that three specific radiations suffice to reproduce it. (These should not be 
called Blue, Green and Red light—they are not that, but simply radiations of High, 
Middle and Low frequency.) 

III. But the addition of one more extraordinary anomaly—the course of develop- 
ment of the color-sense (not considered by Helmholtz nor by Hering)—suffices to clear 
up fully this difficulty. 

IV. The character of the place-coefficient of vision makes impossible all theories 
in which the initial photochemical process is supposed to take place in the pigment 
epithelium. 

V. Of the disappearing chroma-pairs, yellow and blue are white-constitutive but 
red and green are yellow-constitutive. 

VI. After-Images of the chromata (this is the only possible plural of chroma) 
are residual phenomena; of the achromatic light-sensation (whiteness) they are a 
quantity phenomenon. 

VII. Simultaneous Contrast is (Kéllner) a phenomenon that has its physiological 
basis at a higher level than the retina. 

VIII. Blackness is a non-light sensation, and a background sensation; it is no 
more closely connected with white than with any other of the colors,—with all of them 
it forms a simple color-blend, as navy-blue, gray, etc. These dual blends should 
rather be called blue-black, black-white, etc. as we say blue-green, red-blue, etc. 

IX. For the “initial process” in the retina the best theory hitherto proposed is 
the Ionic Theory of Lazareff (1910). This is a general theory of nerve excitation based 
in the first instance upon Loeb’s Law; it covers retinal excitation as a particular case, 
but it has not yet (at this date) been applied to tetrachromatic vision. It has received 
remarkable confirmation in a series of experimental investigations appearing in Pfli- 
ger’s Archiv up to 1921. The Ionic Theory has been strangely overlooked in this coun- 
try: it has not ever been mentioned in the reports by Mr. Troland which have been 
appearing in the Am. J. Physiol. Optics. 

No report of a color theory is worth while which does not expressly state whether 
it meets these minimal requirements or not. 

The theory which I have proposed (the Development Theory) is at present the 
only one which takes full account of all of these facts of color-sensation. Its simple 
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assumption is that there is a light-sensitive substance in the rods which (whether b, 
a photo-electric process or by a plain photo-chemical one) gives off, under the influence 
of light, a reaction product which is the basis of the primitive whiteness sensation of 
the rods. In the cones, in the next higher stage of development of the color-sense (th: 
yellow and blue vision of the bees, and of our own mid-periphery), this same light- 
sensitive substance has become, by a simple molecular re-arrangement, more specifi 
in its response to light, and in such a way that the two ends of the spectrum act sep 
arately to produce nerve-excitant substances which however when they are produced 
both at once unite chemically to form the “white” nerve excitant out of which they 
were developed. In the third and final stage the “yellow” nerve-excitant has again 
undergone a development in the direction of greater specificity, and red and green 
vision are acquired. These reaction products are however the constituents of the 
more primitive “yellow” nerve excitant, and hence when they both occur at once— 
when red and green light fall together on the retina—they revert to the “yellow” 
nerve excitant. If blue light is now added, the white sensation is again produced. 
Thus “yellow” and “white” are, in tetrachromatic vision, secondary products, and 
nevertheless they are the identical nerve-excitants which produced the more primitive 
forms of vision. At the same time the three Grundempfindungen (the final and per- 
fected form of the crude Elementarempfindungen which are adopted in the recent 
“Report” on Colorimetry) are fully taken account of. Normal vision is at once a tri- 
receptor and a tetrachromatic system; its three successive stages of development are 
nevertheless achromatic, dichromatic and tetrachromatic vision. 

My theory has just received remarkable confirmation in the work of Hecht (J. 
Gen. Physiol., September, 1922). Following upon Weigert’s discovery that the recep- 
tor substance in the cones need not show color to the human eye, he shows that it is 
the same substance, measured by its subjective intensity distribution, as in the rods, 
and that it has evidently simply undergone a molecular re-arrangement. 

My argument is that as the white-sensation is the same sensation whether primi- 
tive in the rods or a red-green-blue compound in the cones, it must have in both cases 
the same chemical constitution. The two views thus confirm each other. 


Tue Visreiuity or Rapiant Enercy. K. S. Gibson and E. P. T. Tyndall. Bureau 
of Standards, Nela Research Laboratories. 

A new determination of the visibility of radiant energy has been made by the 
“step-by-step,” simultaneous-comparison method. Between 490 and 680 millimicrons, 
inclusive, measurements were made upon 52 observers; for 38 of these observers 
measurements were continued to include 430 and 740 millimicrons. . 

Energy values were based upon radiometric and spectrophotometric measure- 
ments made at the Bureau, checked by an independent color temperature measurement 
at the Nela Research Laboratory. 

Luminosity values were obtained with a Brace Spectrophotometer. The “Step” 
was made by moving the collimator slit. The ratios of luminosities were measured 
with a Brodhun rotating-rhomb-and-variable-sector device. The photometric field 
was the divided circle type, subtending an angle of three degrees. Brightnesses were 
safely above the Purkinje region except perhaps at the ends of the spectrum. 

Comparison with other investigations was illustrated. 

The average values of Visibility (subject to possible small corrections), obtained 
are as follows: 
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Wave Wave 

Length 7 Length bility 
430 590 0.754 
440 : 600 .634 
450 2 610 511 
460 ; 620 .389 
470 ; 630 .279 
480 : 640 . 184 
490 650 .1127 
500 ‘ 660 0645 
510 0351 
520 ; 680 .0180 
530 ; 690 .0093 
540 700 .0046 
550 710 .0023 

991 720 00111 

570 947 730 .00053 
580 863 740 00027 














(The complete paper will be published in Bureau of Standards Scientific 
Papers) 

On THE Luminosity RATIOS OF THE SPECTRAL COMPLEMENTARIES, AND THE SUB- 
JECTIVE SATURATION OF THE SpecTRUM. R. H. Sinden, Johns Hopkins. 
Helmholtz noticed that complementary amounts of spectral complementary 

colors in general differ in luminosity. This he attributed to a difference in the physio- 

logical saturation of the different spectral colors. Considering that, of a pair of com- 
plementaries in a neutral mixture, the more luminous possesses the lower saturation, 
he arranged the spectral colors in the order of their saturation, but was constrained 
from giving numerical results by the fact that owing to the Purkinje effect it appeared 
impossible to obtain definite values for the luminosity ratios of the various pairs of 
complementaries. At the present time it is known that under specified conditions 
the Purkinje effect can be practically eliminated at moderate intensities of illumina- 
tion. It has seemed worth while to determine the luminosity ratios of several pairs of 
spectral complementaries under conditions most favorable for the elimination of the 

Purkinje effect and other elements of uncertainty, and for more than one observer. 

The quality of the standard white was that of noon sunlight at Baltimore in 
April, reflected from a surface of magnesium oxide. (It is hoped to specify this white 
in terms of color-temperature from the data of Priest.) The size of the illuminated 
field was 1% degrees. The intensity of the neutral stimulus at the retina of the 
observer's eye was for most observations 100 photons. 

The most remarkable feature of the results is the very high ratio observed for 
the luminosities of the extreme violet and its spectral complement, which is several- 
fold greater than Helmholtz’s figure. So extreme, in fact, is this ratio that the increase 
in luminosity accompanying the addition of a complementary amount of violet to the 
yellow-green seems to be subliminal. 

From the numerical results approximate values for relative intrinsic saturation 
of the spectral colors have been derived, making use of Troland’s recent result that a 
minimum of saturation occurs in the yellow. 
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FURTHER STUDIES OF THE ABNEY Errect. L. T. Troland and C. H. Langford, Har 
vard. 
The Abney effect consists in a change in the ratio of the brilliances of two colors 

having fixed stimuli, resulting from selective, or chromatic fatigue of the eye. Pre 

viously reported measurements by the present authors, using a flicker technique 
showed clearly that this effect is very small compared with expectations based upon 

Abney’s theoretical interpretations. However, since the technique was radicall; 

different from that employed by Abney, it was thought worth while to repeat th« 

measurements utilizing Abney’s method with some necessary improvements. In 
these new experiments four spectral stimuli were used to fatigue the eye, in respective 
series, and the effect was tested by brilliance matches between a “white” and fourteen 
different reacting stimuli, uniformly distributed in the spectrum. The fatiguing stim- 
uli corresponded with the psychological primaries, and were all of the same brightness 
for the given observer, all colors being equated to the “white” in the unfatigued 
condition. The fatigue time was two minutes, and stimulation was confined to a rod- 


free region of the retina. The results confirm in general those of the authors’ previous 
work. 


A Criticat Stupy oF THE SNELLEN LETTERS AND THE “ILLITERATE” E TEstTs For 
THE ACUTENESS OF VISION OF SCHOOL CHILDREN, AND A PROPOSED SUBSTITUTE 
FOR THESE Tests. J. M. McCallie, Board of Education, Trenton, N. J. 

An extensive examination shows that there was, not only no uniformity, either 
in size, style or structure of the letters or characters published by different concerns 
for testing the acuteness of vision, but, there seemed to be a general disregard for their 
scientific structure as prepared by Snellen. A careful scientific investigation of the 
relative visibility of the “Illiterate” E and the Snellen letters of the same size reveals 
the fact the “Illiterate”? E can be seen about one-third farther away than the Snellen 
letters, therefore, the “Illiterate” E, as now constructed, is of little value in measuring 
the acuteness of vision. 

A comparison, under scientific conditions, of the relative visibility of the accur- 
ately constructed Snellen 50 ft., 40 ft., 30 ft., 20 ft., 16 ft., and 12 ft. letters shows 
that letters of any other size, except the 12 ft. letters give, practically, the same results 
when exhibited at the distance indicated by the size of the letter. Any distance, there- 
fore, 16 feet or more may be used in testing acuteness of vision with the proper sized 
letters. 

A black dot carefully constructed according to the Snellen measurements to be 
just visible by the normal eye at 20 ft., proves to be as good a test of the acuteness of 
vision and, in some respects, a much better test than the Snellen 20 ft. letters of the 
“Illiterate” E. Therefore a new dot-vision chart was constructed for the testing of, 
not only the acuteness of vision of small children, illiterates and non-English speaking, 
but also, for the literates. 

These tests were made on 470 school children, each child was tested first with one 
eye, then with the other, and then with both eyes—binocular vision was slightly 

superior to monocular vision. 


A COMPARISON OF THE FECHNER AND MUNSELL SCALES OF LumINOUS SENSATION 
VaLuE. Elliot Q. Adams, Nela Research Laboratories. 


A critical study of the Munsell scale of (luminous sensation) value has been made 
by Priest, Gibson, and McNicholas, who object to Munsell’s “implication that values, 
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read directly as the diagonal of the shutter, are proportional to sensation in the sense 
of Fechner’s Law.” 

An examination of both the Fechner and the Munsell (or Stefanini) scales in the 
light of recent psychological experiment, has led to the following conclusions: 

(1) Only if the state of adaptation of the eye is maintained constant, is it proper 
to speak of luminous sensation as a function of brightness. 

(2) With constant adaptation, k, the functional relation between sensation, S, 
and brightness, B, is well represented by the equation of Adams and Cobb: 

S=B/(B+k) 

(3) All the equations connecting sensation and brightness are of such a form 
that, within the range of validity of Weber’s law, the relation between sensation and 
test object albedo may be made independent of the absolute level of brightness (for 
any constant illumination of test object and surroundings) but will depend on the 
albedo of the surroundings to which the eye is adapted. 

(4) Between numbers 1 and 9 of the Munsell scale of (luminous sensation) value 
the sensations of an eye adapted to a brightness corresponding to the arithmetic mean 
of the albedo of those scale numbers (i.e. 0.41) approximate the values of the Munsell 
scale. 

(5) Within the same limits, the sensations of an eye adapted to a brightness 
corresponding to an albedo of 0.09, the geometric mean of the albedos corresponding 
to Munsell scale numbers 1 and 9, approximate the values of the Fechner scale. 

(6) In view of the marked dependence of subjective value on the state of adapta- 
tion of the eye, grays should be rated according to their albedo, which is a physically 
determinate property. 

(The complete paper has been published in Nov. Jour. Optical Society of America) 


Tre THEORY OF FLICKER PHotometry. C-. E. Ferree, Bryn Mawr. 

Visual sensation rises to its maximum through an interval of time and then dies 
away because of a progressive loss of sensitivity or adaptation of the eye. Moreover 
the rate of rise and fall varies both with the wave-length and intensity of light. The 
eye when used as a balancing instrument may be likened roughly to weighing scales 
which never quite attain to stability or constancy of balance when the objects or com- 
modities to be balanced are not of the same kind. The results obtained depend on how 
long they remain on the scales, the stability increasing however with increase of time 
beyond a certain value, the time required for the instrument to give its maximum 
response. Moreover to make the situation still more complicated the effect on the 
results of the balance varies with the amount of the commodity present. 

The cause of the disagreement of the results obtained by flicker and equality of 
brightness photometry may be looked for in these peculiarities of the eye as a light 
balance. Disagreement would not be expected if the intensity of the brightness sensa- 
tion were a regular function of but one variable, intensity of light, instead of a very 
irregular function of three interacting variables: wave-length and intensity of light 
and time of action on the eye. Length of exposure is an important factor when the 
lights to be balanced differ in composition. For the purpose of detecting small dif- 
ferences of brightness in the successive sensations aroused the phenomenon of flicker is 
excellent; but trouble arises when we try to say that lights which arouse sensations of 
equal brightness for one length of exposure of the eye will arouse sensations of equal 
brightness for any length of exposure. The equality of brightness and flicker methods 
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agree within the limits of sensitivity of the judgment when the eye is given the sam: 
length of exposure by both methods; they do not agree when different exposures arc 
used. Nor does the equality of brightness method agree with itself in any two determi 
nations if in the one the eye is underexposed to the lights compared and in the other 
fully exposed as it is in the accustomed use of the equality of brightness method. 
The question as to whether or not the disagreement between equality of bright 
ness and flicker is large enough to be of practical importance in commercial illuminant 
does not come within the scope of this paper. 
(The complete paper is in press in Trans. I. E. S.) 


COMPARATIVE STUDIES OF EQUALITY OF BRIGHTNESS AND FLICKER PHOTOMETRY WITH 
SPECIAL REFERENCE TO THE Lac OF VisuAL SENSATION. Gertrude Rand, Bryn 
Mawr. 

This study covers the following points: 

(1) Four spectrum lights: 675, 579, 515, and 466 millimicrons were photometered 
against a 32 cp., 4.85 wpc. carbon lamp by the flicker and equality of brightness 
methods. The rise of sensation in just noticeably different steps of brightness was 
determined for each of these lights and intensities with the same observer and state of 
adaptation of the eye, and as far as possible the same apparatus. A comparison was 
made of the direction and amount of deviation of the flicker from the equality of 
brightness results with the difference in height to which the sensations are allowed to 
rise during the individual exposures used in the method of flicker. 

(2) The effect of variation of intensity was determined. Seven intensities were 
used, three of which permit of comparison with the rise of sensation curves. As might 
be expected from a study of these curves, one intensity was found for each pair of 
lights at which agreement occurs with the most sensitive speed of rotation of the 
flicker disc. Above and below this intensity came overestimation or underestima- 
tion, depending on the color selected. These most favorable intensities were widely 
separated for the four pairs of lights, and the percentage disagreement at each of these 
intensities for the three remaining pairs was quite large. 

(3) The effect of speed of rotation of the disc on the type and amount of the 
disagreement was determined. A very considerable effect was found, varying with 
the intensity of light employed . The effect was smallest at the intensity at which 
agreement occurred for the most sensitive flicker speed. 

(4) Each pair of lights at three intensities was rated by the equality of bright- 
ness method with a length of exposure equal to that of the individual exposures used 
in the method of flicker. Agreement with the method of flicker was obtained within 
the limits of sensitivity of the judgment, around 0.4-0.5 per cent for the flicker and 
1.3-2.7 for the equality of brightness method. 

(The complete paper is in press in Trans. I. E. S.) 


PROGRESS ON THE DETERMINATION OF NorMAL Gray Licut. Irwin G. Priest, Bureau 
of Standards; Munsell Color Co. 

Report of progress on an extensive investigation by an improvement of the 
method previously described to the Optical Society (Chicago, 1920; B. S. Sci. Pap. 
417). 

Norma! Gray Light is defined as light having a spectral distribution represented by 
Planck’s formula and competent to evoke the gray sensation (the hueless or neutral 
sensation of brilliance) when incident on the normal human retina under such condi- 
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tions that the phenomena of simultaneous and successive contrast are eliminated. 
Such a standard will constitute one of the fundamental or key standards of colorimetry. 

The theory of the method, the apparatus, and the radiation standards have all 
been thoroughly overhauled since the previous paper. Particular care has been taken 
to eliminate any possible effect of successive contrast. 

The series of determinations on different individuals is now in progress at the 
Bureau of Standards, and the apparatus in use was open to inspection during the 
meeting. 


Tue Errect or Various ConpiTIONS UPON THE DETERMINATION OF THE NORMAL 
Stmutus or Gray. Irwin G. Priest and Casper L. Cottrell, Munsell Color 
Company; Bureau of Standards. 

A study incident to determination of normal gray. (B.S. Sci Paper 417). 

The effects of the following conditions were studied: (1) Field Size; (2) Field 
Shape; (3) Brightness; (4) Exposure; (5) Duration of dark adaptation; [(6) Order of 
presentation of stimuli; (7) Arbitrary range of stimuli. Still in progress]. Stimuli 
were obtained by filtering the light of an incandescent lamp through “daylight” glass. 
Ives-Brady and Luckiesh “Trutint” glasses were used). Different stimuli were 
obtained by current variation, brightness being kept constant by varying distance of 
lamp from screen. (See Bureau of Standards Laboratory Exhibit No. 16, this pro- 
gram.) Calibration in color temperature was made by the rotary dispersion method. 

Observations were made by the “method of answers” (B. S. Sci. Paper 417). 
The stimuli specified by color temperature were :—4220, 4610, 4755, 4910, 5070, 5250, 
5440, 5635, 6345°K. In a single sitting of the observer these stimuli were each 
presented five times in five different orders. The standard orders were:—(A) con- 
tinuously decreasing order of temperature, (B) from median to high followed by 
median to low, (C) alternate extremes converging to median, (D) high to low omit- 
ting every other one followed by the omitted ones in reverse order, (E) continuously 
increasing order of temperature. The stimuli were usually presented at the rate of 
about 3 or 4 per minute. In different sittings the above mentigned orders of presenta- 
tion were themselves taken in different orders. 

The variables were studied over the following ranges:—(1) Field Size, 1° to full 
field of eye; (2) Shape, circular and semi-circular; (3) Brightness, 0.1 millilambert to 
23 millilamberts; (4) Exposure, 1 sec. to 10 sec.; (5) Preliminary dark adaptation, 15 
min. to 8 hours. 

The net results follow :— 

(1) Over the ranges studied the stimulus of gray as determined by this method 
is independent of field size, field shape, brightness and exposure, to within the observa- 
tional error. The stimulus under extreme conditions does not differ from the mean by 
more than about 100° C in color temperature. 

(2) The first few stimuli presented as short exposures after long dark adaptation 
will momentarily be called yellow even though they would be called gray or blue on 
longerexposure. If it were possible to perform the paradoxical experiment of determin- 
ing the stimulus of white in the dark, a bluer stimulus would be obtained. 

(3) If the stimuli are presented in increasing or decreasing order of temperature 
and in rapid succession, the result depends upon the order of presentation. With 
2 sec. exposures at the rate of 4 per minute, the result of presentation in one order will 
depart from the mean result by 150° toward the stimuli last presented. 
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(4) Ifdue care is not taken as to (a) range of stimuli chosen, (b) order of presenta- 
tion or (c) interval between exposures, quite wrong results may be obtained. It is 
thought that a satisfactory method as regards these features has been devised. The 
question of order cannot be discussed because to do so would defeat the purpose of 
obtaining unprejudiced observers. 

New TABLES AND GRAPHS FOR FACILITATING THE COMPUTATIONS OF SPECTRAL 
ENERGY DISTRIBUTION BY PLANCK’s Formuta. M. Katherine Frehafer, 
Bureau of Standards. 

Very frequently it has been necessary to compute the distribution of a “black 
body” at some particular temperature from Planck’s formula: 

cv 

E)\= — 

1 (1 

E) is the energy of the wave length A, at any temperature 7 (degrees absolute); C; and 

Cz are constants. Such computation consumes much time and labor. In consequence, 

the following short cuts in the way of tables and graphs have been devised. For the 

benefit of those who have similar computations to make, it was thought worth while to 
publish these tables and graphs. The above equation has been combined with that of 

Wien, connecting the temperature with the wave length at which the maximum 

energy occurs, namely 


Am X T =A, a constant 
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The resulting formula 


expresses the relative energy as a function of \ T alone. A table has been made up 

giving the values of 3 as computed from formula (3) to four significant figures for a 
~m 

wide range of values of AT (A = 2890 micron degrees; C,= 14350 micron degrees). 

For any given temperature, the wave lengths corresponding to these values of 
relative energy can readily be obtained from the products AT. Hence the spectral 
energy curve can be plotted at once. By using a suitable factor, the scale can be 
changed to give the value 100 at wave length 590, or at any wave length desired. 

It is often desirable to know the energy values for wave lengths ten millimicrons 
apart. These values can be read off with accuracy from the curves just mentioned, if 
they have been plotted to a suitable scale. Two sets of tables have been made up, each 
for 35 temperatures, in which the energy values are recorded for the wave lengths 400 
to 720 millimicrons, at intervals of ten millimicrons—one set having the energy equal 
to 100 at wave length 590, the other equal to 100 at wave length 560. The tempera- 
ture range is from 1000° to 24 000°K. 

In order to obtain the energy distribution without resorting to computation, for 
any temperature between the values 1000° and 24 000°K, a series of isochromatic 
curves has been constructed from the above tables. The relative energy has been 
plotted against the absolute temperature, and one complete curve drawn for each wave 
length. In order to get the accuracy desired (.3 of one per cent) the curves have been 
plotted in sections, to suitable scales, on 40X50 cm sheets. The temperature scale 
has been chosen so that values may be read to within 1° for the range 1000° to 8000° 
K, and to within 5° for the range 8000° to 24 000° K. The precision in reading the 
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energy values is often better than .3 of one per cent and is not less than this amount 

except for the small portions of the curves lying below the ordinate 3.5. From these 

graphs, the energy distribution for the visible region can be read off in a few minutes 
for any temperature whatever in the range specified. It is hoped to publish these 
curves in their original size so as to facilitate the reading to the accuracy claimed. 

GRAPHICAL AIDS TO THE TRANSFORMATION OF COLOR MEASUREMENTS FROM ONE 
SysTEM TO ANOTHER. Herbert E. Ives, Western Electric Company 
Methods and diagrams are developed for transforming trichromatic data to other 

sets of trichromatic primaries, and to the monochromatic system, and vice-versa. 

Graphical methods are for the most part confined to handling the chromatic elements 

of such measurements, and are particularly applicable to measurements of illuminants 

where the luminous values are the subject of separate determination. Nevertheless 
solutions of several of the principal problems of colorimetry are greatly facilitated by 
the charts in which the results of the study are expressed. 

A Coton MATCH PHOTOMETER FOR ILLUMINANTS. Herbert E. Ives, Western Electric 
Company 
A three-color mixture instrument in which the three primaries are of equal luminous 

value and of just sufficient purity to reproduce by their mixture all of the common 

illuminants. The optical arrangement is such that the illumination of the comparison 
field remains constant as the color is varied to match the standard or test illumination. 

The impure primaries chosen are of such spectral transmission that the light formed by 

their mixture closely approximates the spectral distribution of the common continuous 

spectrum radiants, whereby the likelihood of differences of setting by observers of 
unlike color vision is minimized. 

COMPARATIVE COLOR MEASUREMENTS OF ILLUMINANTS BY TRICHROMATIC AND 
MonocHROMATIC ANALYSES. Herbert E. Ives, Western Electric Company. 
The new color match photometer makes possible the easy determination of the 

most difficult part of monochromatic analysis measurements, namely the relative 
luminous values of the color and its constituent white. By means of the methods of 
transformation given in another paper both trichromatic measurements (in terms of 
the color match photometer primaries) and monochromatic (spectral hue and purity) 
using the same reference white (5000° black body) are plotted on the same color sensa- 
tion triangle. The degree of agreement of the two methods and the sources of dif- 
ference in the results were discussed. 

THe COLORIMETRY AND PHOTOMETRY OF DAYLIGHT AND INCANDESCENT ILLUMINANTS 
BY THE METHOD oF Rotatory Dispersion. Irwin G. Priest, Bureau of Standards; 
Munsell Color Company. 

Further studies, both theoretical and experimental have been made on the 
methods of photometry and colorimetry previously proposed by the author. (Phy. 
Rev. (2) 9, p. 341; 1917. Phy. Rev. (2) 10, p. 208; 1917. J. Op. Soc. Am. 5, p. 178; 
1921. J. Op. Soc. Am. 6, p. 27; 1922. B.S. Sci. Pap. 443; July, 1922.) 

In the light of this work the method is now proposed as a complete and satisfactory 
solution of the practical problem of the visual photometry and colorimetry of all 
illuminants (including the important phases of daylight) whose spectral distribution 
approximates the Planckian formula closely enough to give a color match. This 
solution is based upon the principle of the additivity of homogeneous luminosities and 
the assumption of a standard visibility function. 
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The method falls in the general class of substitution “equality of brightnes:” 
methods. All brightness matches are made at a color match. This color match is 
obtained by modifying the color of a constant comparison source by allowing its light 
to pass through a train of nicol prisms and quartz plates which form, in effect, a blue 
or yellow filter of continuously adjustable spectral transmission. 

Tables and graphs have been prepared by which color temperature and candle- 
power or brightness may be readily obtained from the instrument readings on the basis 
of any visibility which it is desired to assume as standard. 

A model instrument constructed in the Bureau of Standards instrument shop 
was exhibited and explained and its use demonstrated. 

(Cf. Bureau of Standards Laboratory, Exhibit No. 14 this program.) 


A HEMISPHERICAL PHOTOMETRIC INTEGRATOR. Frank Benford, General Electric Co. 

A study of the errors in spherical photometry due to the presence of the lamps and 
screens in the Ulbricht sphere led to the development of a fixed convex mirror to b: 
used in place of the two larger screens. A further development of the theory of inter 
ference within the instrument led to the adoption of a hemisphere in place of th: 
complete sphere. It is shown how the instrument is calibrated and used for the testing 
of: 

(a) Reflectors for indoor or street illumination; 

(b) Large searchlights; 

(c) Small searchlights, headlights, etc.; 

(d) Motion picture projectors; 

(e) High tensity arcs (for brilliancy). 

The various accessories that go with the instrument were described and illustrated 


IMPROVEMENTS IN PHOTOMETRIC EQUIPMENT FOR INTEGRATING SpHERES. A. H 

Taylor, Laboratory of Applied Science, Nela Research Laboratories. 

A new photometer with stationary comparison lamp has been designed and 
built. It utilizes novel methods of light control which enable the photometrician to 
obtain a color match with a standard lamp in the sphere, and at the same time have a 
direct reading photometric scale. The apparatus is simpler and cheaper to construct 
than a bar photometer, and has many advantages not possessed by the latter. 

(Abstract is in press in Jour. Fran. Inst.) 


A VARIABLE APERTURE ROTATING SECTORED Disc. Herbert E. Ives, Western Electric 

Company. 

Two sector discs, in sliding contact with each other, are driven, by means of two 
idlers, in the opposite direction to the motion of the driving shaft on which they are 
loosely carried. One idler is fixed, the other can be moved about the shaft as a center 
by means of a worm, thus altering the relative positions of the two discs and so increas 
ing or decreasing the opening of the compound disc. The opening is read off directly 
from the angular position of the movable idler. 


THe REGISTERING MICROPHOTOMETER OF THE Mount WILSON OBSERVATORY. Edison 

Pettit and Seth B. Nicholson, Mount Wilson Observatory. 

The purpose of the instrument is to register graphically the density gradient in a 
photographed image. As originally designed by Babcock, the photoelectric cell was 
used as the sensitive medium. We have substituted the vacuum thermopile for 
this purpose. 
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The instrument consists of a cast iron bed plate, 12 feet long by 28 inches wide, on 
which is mounted a microscope with screw-driven stage, connected through a shift 
gear multiplier to a screw-driven photographic registering device, which has a capacity 
of plates one meter long by fifteen cm. wide. A slow-motion driving motor and quick- 
motion setting motor are provided. 

The image of a strongly illuminated collimator slit is projected upon the film of 
the moving negative on the microscope stage. Light from this small illuminated area 
is projected by the microscope objective upon a second slit before the vacuum ther- 
mopile. The varying density of the negative moving beneath the microscope, produces 
variations in light transmitted to the thermopile, which latter are registered by means 
of a sensitive D’Arsonval galvanometer on the photographic plate of the registering 
device. By the use of two parallel mirrors in the microscope barrel, light from a slit 
image, 9 mm. long is concentrated on the thermopile. Both artificial and sun-light 
has been used. 

The apparatus has been used (1) to study the energy distribution in spectral 
lines; (2) to measure the radial velocities of stars; (3) to measure the Zeeman Effect 
in sun-spots; (4) to study the energy relations in the solar corona. 

(The complete paper is in press in Astrophysical Journal.) 

CoLtor MIxInG AND CoMPARING ApparATus. Hermann Kellner, Bausch & Lomb. 

This instrument—designed in 1917—is essentially a Maxwell color box with two 
fields separated by a fine dividing line. It is possible to illuminate both fields with light 
of the same wave length and match them for intensity so that measurements of absorp- 
tion of colored media can be made. By substituting an opaque mat, representing the 
absorption curve of the medium, for the slit near the condenser, a direct comparison 
can be made with the object under observation. The apparatus can also be used for 
illuminating a small field on an opaque object with any mixture of colors. It can also 
be used as an Anomaloscope after Nagel for the investigation of color blindness. 
DISAPPEARANCE OF THE FILAMENT IN IMPROVED ForMS OF THE DISAPPEARING- 

FILAMENT OpTICcAL Pyrometer. C. O. Fairchild and W. H. Hoover, Bureau of 

Standards. 

The precision, accuracy and wide range of usefulness of this instrument depends 
on perfect disappearance of the filament with high resolving power and magnification 
by the eye-piece. Older forms have not accomplished this. Non-disappearance of the 
filament is caused by diffraction, and, if the filament is a wire, by reflection at its edges. 
Perfect disappearance of a flat filament with sharp edges is obtained by using an 
entrance aperture sufficiently large compared to the exit aperture. A round filament is 
made to disappear by decreasing the entrance aperture until diffraction and reflection 
balance, in their effects at the filament. 

An extensive study of diffraction reveals that diffraction by an obstacle in an 
image plane is a special case which has not been previously recognized as such. It is 
shown that a new law of diffraction is consistent with theory and experiment, viz., 
Of light incident on an obstacle in an image plane, only that component is diffracted which 
represents the diffracted rays radiating from the edge of the aperture. Thus, with the 
flat filament there is no visible effect of diffraction if the aperture of the observing 
eyepiece (exit aperture) is far outside the shadow of the entrance aperture. 

Precise measurement shows that when the filament is made properly to disappear, 
the ratio of brightness of filament and image when an apparent match is obtained, is 
unity. 
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A laboratory form of the pyrometer is described, which has been used with success 
as a tele-pyrometer and as a micro-pyrometer. Two special improved forms. of 
micro-pyrometer or micro-photometer are described in principle. 


Tue RELATION BETWEEN THE Hipinc-POWER AND REFLECTION COEFFICIENTS 0: 

Wuite PiGMENTs AND Parnts. A. H. Pfund, Johns Hopkins. 

The salient features of the cryptometer and colorimeter, developed by the writer 
and used in the present investigation, are briefly discussed. It is found that, upo: 
incorporating small quantities of lamp-black in a white paint, the hiding-powe: 
increases while the brightness (reflection coefficient) decreases. Plotting numerica| 
values of hiding-power against brightness of a given white paint to which increasing 
amounts of lamp-black are added, a curve results which, when extrapolated linearly, 
passes through the point: 100° brightness and zero hiding-power. This relation hold 
for all pigments thus far tested: zinc oxide, lithapone, basic carbonate white lead 
sublimed white lead, timonox and titanox. It is pointed out that a fair comparison oj 
the hiding-powers of different white pigments and paints may be made only at equa 
brightness. The present investigation makes such a comparison possible. 


On THE Ratio oF INTRINSIC BRIGHTNESS TO ILLUMINATION. James E. Ives, U.S. Publix 

Health Service. 

It is well known that the glaring effect of a bright light, or a bright surface, is not 
altogether a matter of the absolute brightness of this surface, but largely of the contrast 
of its brightness with that of surrounding surfaces. In determining the properties of 
different lighting units it is necessary to adopt some definite measure of this contrast 

In a recent study of the illumination of the New York City Post Offices, made by 
the Office of Industrial Hygiene and Sanitation of the U. S. Public Health Service at 
the request of the Postmaster-General, the ratio of the brightness of the surface of the 
unit to the illumination produced by it on the horizontal working plane 45 inches 
above the floor was taken as a measure of this contrast. 


PRELIMINARY DATA ON THE COLOR OF DAYLIGHT AT WASHINGTON. Irwin G. Priest, 

Bureau of Standards, Munsell Color Company. 

Measurements of the color temperature of daylight by the rotatory dispersion 
method, the apparatus being essentially that shown in Fig. 3, p. 180, vol. 5, J. Op. 
Soc. Am., plus a Lummer-Brodhun cube and ocular by which the light delivered by this 
apparatus was color-matched with the light under test. Color temperatures are 
obtained from a revised curve similar to Fig. 7, page 183, J. Op. Soc. Am., vol. 5. The 
color temperature of the comparison source was 2848°K. (B.S. Sci. Pap. 443, pp. 224- 
228.) 


Light from Northwest Sky 
Date Hour Sky Color Temp. 
Nov. 28, 1921 11:55 A.M. Uniform overcast 6870°K 

1:35 P.M. 6430 

3:35 P.M. 6610 

Blue 19050 

9:25 A.M. 24150 

11:04 A.M. Clear Blue 24150 
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Horizontal Surface Illuminated by Whole Sky 
June 27, 1922 
Hour Sky Color Temp. 

11:09 A.M. Bright, overcast 6500°K. 
12:19 P.M. Broken overcast, pale blue 7225 
12:39 P.M. Blue, stratus-cumulus, bright sun 6600 
1:13 P.M. Blue, stratus-cumulus, faint sun 6990 
2:31 P.M. Dark rain clouds 7175 
2:32 P.M. Rain 


Horizontal Surface Illuminated by Whole Sky, or Whole Sky Except Sun 
June 30, 1922 
———Color Temp. 
Whole Whole Sky 
Hour (E. S.) Sky Sky Except Sun 
4:33 A.M. Pale blue above. Horizon hazy. (over 25000°K) 
4:39 A.M. 18300 (?) 
4:51 A.M. 17300 (?) 
4:59 A.M. 13740 
(Red disk of sun just breaking through haze) 
5:05 A.M. 12040 
5:11 A.M. 10170 
Sun’s disk appears yellow through haze) 
5:16 A.M. 9800 
5:26 A.M. 8650 
5:45 A.M. Clear pale blue 7300 
6:03 A.M. Clear blue 6740 
6:36 A.M. 6070 
9:18 A.M. 6240 
10:53 A.M. 6040 
12:09 P.M. Blue with thin white clouds 6470 


Direct Sunlight 
June 26, 1922 
Hour (E. S.) Sky Color Temp. 
12:36 P.M. Bright light haze 5300°K 
1:53 P.M. Pale blue 
3:32 P.M. 
4:01 P.M. More haze 
4:25 P.M. 
4:44 P.M. S (? poor match) 
4:57 P.M. (? poor match) 


THE SHRINKAGE OF PHoToGcRAPHIC Firms Durinc DeveLopmentT. H. L. Curtis; 

Bureau of Standards. 

Films were exposed in contact with the silver surface of a mirror through which 
lines 5 cm apart had been ruled. The films were then developed and when dry, 
distances between two different lines on the film were measured on the comparator 
and compared with the distance between these same lines on the original glass plate. 
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All the films showed a shrinkage which varied from one-half to one per cent, 
depending on the kind of film and the method of development. For a given film with 
a definite method of development, the maximum observed difference was 0.6 of one 
percent. The shrinkage was local and irregular. 
A SPECIAL SENSITOMETER FOR THE STUDY OF THE PHOTOGRAPHIC RECIPROCITY Law. 

Loyd A. Jones, Research Laboratory, Eastman Kodak Co. 

In an investigation of the relation between the time and intensity factors in 
photographic exposures, it is necessary to subject the photographic material to expo- 
sures which vary enormously in time and intensity. Provision must be made whereb 
the intensity may be varied in the known light over an enormous range without chang- 
ing in any way the quality of the radiation incident upon the plate. Further, provision 
must be made whereby the time may be varied in a precisely known manner over a 
similar wide range of values. In the instrument described accurately timed exposures 
can be given automatically varying from .0002 seconds up to 18 hours. The intensity 
of the exposing radiation incident upon the plate can be varied throughout the same 
range. Details of the construction were given. 

(The complete paper to be published in Journal of the Optical Society.) 
An INSTRUMENT (DENSITOMETER) FOR THE MEASUREMENT OF HiGH PHOTOGRAPHIC 

Densities. Loyd A. Jones, Research Laboratory, Eastman Kodak Co. 

The instruments in common use for the measurement of photographic density in 
general do not give satisfactory readings for densities greater than 3.0 (transmission = 
1%). This limitation is imposed by lack of sufficiently intense illumination on the 
deposit being measured and by the errors due to scattered light in the instrument itself. 
The instrument described in this article overcomes these difficulties and permits the 
precise measurement of diffused densities up to 6.0 (transmission=.0001%). By 
removal of the diffusing target against which the deposit is placed when diffused 
densities are being measured, values of specular density may be measured up to 9.0 
(transmission = .0000001%). 

(The complete paper to be published in Journal of the Optical Society.) 
An ADAPTATION OF THE THALOFIDE CELL TO THE MEASUREMENT OF PHOTOGRAPHIC 

Densities. A. L. Schoen, Research Laboratory, Eastman Kodak Co. 

In photographic research it is frequently necessary to measure precisely extremely 
low densities. The usual visual methods for measuring density have been found inade- 
quate for this purpose. 

Tests made with thalofide cells to determine the conditions for high sensitivity 
and stability, show that this instrument can be readily adapted as a physical photom- 
eter for the measurement of these densities. 

Changes in sensitivity with applied voltage and intensity of illumination were 
observed. From this data the best voltage and illumination were determined and 
maintained constant on the cell. Densities were determined (using the inverse square 
law) by moving the source of illumination to produce zero deflection in a sensitive 
galvanometer for each step of the sensitometric strip. 

(The complete paper to be published in Journal of the Optical Society.) 
On THE RELATION BETWEEN TIME AND INTENSITY IN PHOTOGRAPHIC EXPOSURE- 
Loyd A. Jones and Emery Huse, Research Laboratory, Eastman Kodak Co. 
The conclusions reached by other investigators relative to the relation between 
the time and intensity factors in photographic exposure are not in agreement. In 
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this paper an effort has been made to make a critical study of this subject. The 
results obtained for three typical photographic materials of the blue sensitive type are 
given. The time and intensity factors are varied reciprocally over a range of approxi- 
mately 1 to 10,000,000. The results show that for a fixed exposure (IXT) there is a 
decided falling off in density for low values of I and a slight decrease in density for 
very high values of I. This decrease at the high intensity end of the scale is, however, 
so small as to make it practically impossible to determine any value for optimal in- 
tensity. 
(The complete paper to be published in Journal of the Optical Society.) 


PRELIMINARY NOTE ON THE SPECTRAL ENERGY SENSITIVITY OF PHOTOGRAPHIC 
MATERIALS. Loyd A. Jones and A. L. Schoen, Research Laboratory, Eastman 
Kodak Co. 

Photographic materials were exposed to monochromatic radiation of known in- 
tensity, developed under standard conditions and the resulting densities determined. 
Monochromatic radiation of great purity was obtained by using a Hilger ultra-violet 
monochromatic illuminator. The energy measurements were made by means of a 
linear thermopile and a galvanometer of high sensitivity. 

(The complete paper to be published in Journal of the Optical Society.) 


The following are abstracts of papers which were on the sup- 
plementary program and whose authors did not respond when 
the papers were called. 


Tue Horoprer, CYCLOPHORIA AND APPARENT VERTICAL MERImIAN—(PRELIMINARY 

Report). Charles Sheard, American Optical Co. 

Numerous observers, including Helmholtz, Volkmann, Hering, Meisner, have 
observed the phenomena of apparent vertical meridians and have deducted therefrom 
the horopter. Horizontal retinal meridians coincide with the plane of regard and may 
be considered as practically identical with it, but the vertical retinal meridians generally 
converge downward and therefore do not remain parallel. 

A multiplicity of phenomena have been presented by various writers at various 
times which conflict. The present paper is an attempt to codrdinate them and to call 
attention to these facts: 

1. Planes of action of the six ocular muscles. The thesis is upheld that the line 
of regard, as determined by the position of the eyes and head, is involuntarily such as 
to involve (a) rapidity of change of line of regard and (b) minimum expenditure of 
energy. 

2. The laws of parallel and convergent motion. In convergent motion the eyes 
rotate outward. 

3. The phenomena of the apparent conversion of converging into diverging vertical 
lines is explicable on bases of the convergence involved. 

4. The simple, experimental determination of the horopter for any line of regard 
and point of fixation. 

5. The importance of these tests in everyday life and their significance in determi- 
ning the actual position of the maximum comfort and minimum energy expended in 
doing close ocular work, such as reading. 

6. Various objections to some of our present day methods of testing for cyclo- 
phoria. 
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ASPHERICAL Lens Systems. L. Silberstein, Eastman Kodak Co. 

The equation of any Cartesian surface being put in a handy form, a perfect!) 
general method is given for building up an aberrationless system of any number of such 
refracting surfaces, each successive surface introducing a new parameter. It is next 
shown how such free parameters can be utilized for satisfying further requirements in 
addition to the absence of aberration. In particular, a method is developed for 
satisfying, up to terms of the fourth order, the sine condition and thus building up 
what is properly called an aplantic lens of two Cartesian surfaces. Finally, th 
achromatization of such a lens by the insertion of a third surface is treated in genera 
terms and illustrated on a concrete numerical example. 


The paper by Hermann Kellner entitled “Motion Analyser’ 
on the advance program was not read. In place of it Dr. Kellner 
communicated paper on stereoscopic vision, abstract of which has 
not been submitted. 

Dr. Frank Benford communicated informally the substance of a 
paper on the plotting of spectrophotometric data which he had 
presented at the convention of the Illuminating Engineering 
Society in September. 

IV. Exursit oF OpticaL INSTRUMENTS 
The following is a list of exhibitors together with their exhibits.* 
*The Optical Society assumes no responsibility for the makers’ descriptions or 
representations given here. 
1. MUNSELL COLOR COMPANY, INC. 

MuNSELL Cotor TREE. 

The Color Tree is a model designed to show the measured relations of color. It 
stands on a table, and is about two feet high. The diameter across the longest arm 
extensions is about two and one-half feet. (Demonstration Model.) 

It consists of a neutral pole, with black at the base and white at the top with 
eight steps of neutral gray between. This pole represents the value scale of color. 
At the third, fifth and seventh steps of value there are ten arms on which ten hues in 
their spectrum order are shown. Different hues have different chromatic strengths, 
so on these arms are shown the steps of chroma of each color from neutrality out to 
the strongest chroma on the value level on which it is shown. 

ATLAS OF THE MUNSELL CoLor SysTEM. 

The Atlas of the Munsell Color System is a book of fifteen charts (11” by 14”) 
which illustrate in pigment the various relations and measurements of color. 
Two ENLARGED ATLAS CHARTS. 

The two large charts are enlarged copies of the Y-PB chart (a vertical section of 
the color sphere), and the 50 Value chart (a horizontal section through the color sphere.) 
NEUTRAL VALUE SCALE, CHROMA SCALES. 

The Munsell Neutral Value Scale is a scale of neutral values from white to black 
accurately measured by the Munsell Photometer. There are nine sections of painted 
paper (334” 314”) mounted on gray sateen. 
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Munsell Chroma Scales in Red, Yellow, Green, Blue and Purple are mounted 
similar to the Neutral Value Scales. 
MUNSELL DAYLIGHT PHOTOMETER. 

A portable instrument especially designed by Mr. A. H. Munsell to measure all 
color values in comparison with standard white (MgCO;); that is, to give in decimals 
the value of a color. Scientifically built, of wide range, high precision and great 
sensitiveness, it is useful in the laboratories of physics, chemistry, electricity, physi- 
ology and psychology, artificial lights and their effects on colored fabrics, and the 
lighting of rooms and factories. The instrument is calibrated and carefully prepared 
for use. Size 744x944 x<7% inches. 

MUNSELL CRAYONS. 

MuNSELL WATER COLors. 

\ Coton Notation sy A. H. MuNnSELL; 

A PRACTICAL DESCRIPTION OF THE MUNSELL CoLor System By T. M. CLELAND;AND 

PAMPHLETS. 

Books and pamphlets on the Munsell Color System. 

Cotor INDEX. 

Three forms of the Color Index shown. 

An assortment of the Atlas colors (371) in box files for reference. 
Disc SPINNING Motor. 

Disc Spinning Motor for use with Maxwell Discs. 

2. KEUFFEL & ESSER CO. 
HOLOPHANE LIGHTMETER. 

An accurate, portable photometer reading directly in foot candles made by Keuffel 
& Esser Co. and sold by the Holophane Glass Company of New York. 

AERIAL SEXTANT. 

Gun metal frame, radius 6”, graduated on solid silver to single degree. An endless 
tangent screw or worm for fine adjustment of the index mirror is operated by a micro- 
meter head and is capable of being thrown in or out of gear by a lever conveniently 
placed for manipulation by the hand working the micrometer head. The micrometer 
is divided to read to 30 seconds of arc and allows interpolation to 10 seconds af arc. 

A small level, the curvature of which permits the bubble to be kept at the central 
point when the sextant is held in the hand without artificial support, is reflected to the 
telescope by means of a small mirror. The level and mirror act as an artificial horizon 
so that when the level blister appears in the axis of the telescope, the sextant is being 
held level. 

PrisMATIC GUNSIGHT TURRET TELESCOPE. 

Distance between optical centers 241% inches. 

Magnifying power 8 diameters. 

Field 41% degrees. 

Weight 37 pounds. 

Exit pupil 6% mm. 

EXPEDITION PLANE TABLE. 

Alidade: Telescope 7% inches, achromatic terrestrial; Object Glass 1-1/16 inch; 
Eyepiece, prismatic; Magnifying power about 16 diameters. 

Above instrument supplied complete with tripod and drawing board. 
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ENGINEER’S Y LEVEL. 
Telescope 18” achromatic terrestrial; Eyepiece erecting; Object Glass 1-3/8 inch; 
Magnifying power 28 diameters; Spirit level sensitive to about 20 seconds. 


ENGINEER’S MOUNTAIN AND MINING TRANSIT. 

Telescope 9 inches, achromatic terrestrial; Object Glass 1-1/8 inch; Magnifying 
power 17 diameters. 

Horizontal Limb 514” diameter, graduated to half degrees; Two opposite double- 
direct verniers reading to one minute. 

Compass Needle about 4 inches; Compass Ring graduated to half degrees. 

Vertical Circle 444” diameter, graduated to half degrees; Double direct vernier 
reading to one minute. 

Solar Attachment—Telescope achromatic astronomical (inverting) 54 inches. 
Object Glass 13/16 inch; Magnifying power 12 diameters. Instrument furnished 
complete with tripod. 


ENGINEER’S TRANSIT. 

Telescope 111% inches, achromatic terrestrial; Object Glass 1-5/16 inches; Magni- 
fying power 24 diameters. 

Horizontal Limb 64 inches diameter, graduated to half degrees. Opposite 
double verniers reading to one minute. 

Compass Needle about 444”. Compass Ring graduated to half degrees. 

Vertical Circle 5 inches diameter, graduated to half degrees, Double direct vernier 
reading to one minute. Instrument furnished complete with tripod. 


TRIANGULATION THEODOLITE. 

Telescope 14” achromatic astronomical (inverting); Object Glass 1'%4 inches 
diameter; Two eyepieces; Magnifying powers 24 and 32 diameters. 

Horizontal Limb, 8 inches diameter, graduated to 10 minutes. Double direct 
verniers reading to 10 seconds. Mounted microscopes to verniers. 

Vertical Circle, 544 inches diameter, graduated to 15 minutes; Opposite double 
direct verniers reading to 20 seconds. Instrument furnished complete with tripod. 


Spy Grass, U. S. Navy PATTERN. 
Object Glass achromatic 114” diameter; Magnifying Power 1214 diameters. 


Spy Grass, U. S. Navy PATTERN. 
Object Glass achromatic 2-1/8” diameter; Magnifying Power 12% diameters. 


Four Incu Suip’s TELESCOPE. 

Telescope about 48 inches long; Magnification continuously variable from 15 to 
45 diameters; Object Glass has a clear aperture of 4”. 

The telescope is provided with a finder which can be quickly thrown in and out of 
position and has a continuously variable magnification of 114 to 414 diameters. 

The eyepiece is provided with a prism for overhead airplane observations and a 
ray filter, both of which can readily be thrown in or out of position. 

The telescope can be rotated in azimuth through 360 degrees. The telescope is 
supported and fitted to the carriage so as to permit the movement in altitude of 90 
degrees above and 20 degrees below the horizontal plane, the observer’s position re- 
mains unchanged through entire range. 
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AnTI-AIRCRAFT TELESCOPE. 
Magnifying power 3 diameters; Field 16 degrees; Exit pupil 744 mm. 


STADIMETER. 
Used by U. S. Navy to determine range of an object having a known base length. 
Height scale is from 50 to 200 feet. 
Range scale is from 200 yards to 10,000 yards. 
Telescope has magnifying power of 2 diameters. 


Coron ANALYZER. 
The K. & E. Color Analyzer is a practical direct reading Spectrophotometer. 
This instrument can be used for determining the spectral transmission curves of 
all transparent substances, liquid or solid, such as oils, colored solutions, glass, gelatine, 
etc. Also for determining the spectral reflection curves of solid substances such as 
paper, silks, cloth, leather, soap, flour, paints, etc. These curves to form the basis for 
a system of color specification or color control. 


3. ORDNANCE DEPARTMENT, UNITED STATES ARMY. 


INSTRUMENTS OF THE FirE Controi Systems OF MosiLe ARTILLERY, OBSERVATION 

AND LAYING. 

Binoculars, Type EE; Circle, Aiming, M. 1916; Circle, Aiming, French; Compass, 
Lensatic; Instrument, Angle of Site; Periscope, Officers’ Trench; Quadrant, Gunners’, 
Model of 1918; Finder, Range, 80 cm. base; Finder, Range, 1 meter base; Sight, 
Machine Gun, Panoramic; Sight, Panoramic, Model of 1917; Sight, Quadrant, 37 mm. 
Gun; Sight, Telescopic, M. 1916; Sight, Telescopic, Tank; Telescope, B. C. Model of 
1915; Telescope, Observation, 3 eyepiece; Telescope, 4 and 10 power. 


INSTRUMENTS USED IN THE OBSERVATION AND TRACKING OF TARGETS FOR SECURING 
DATA FOR PRECISION FIRE OF SEACOAST BATTERIES. 
Binoculars, Type EE; Quadrant, Elevation; Quadrant, Gunners’, Model of 1918. 
Sight, 3-inch Telescopic; Telescope, Observation, Seacoast; Instrument, Azimuth, 
M. 1918; Finder, Range, 9-foot base. 


OBSERVATION AND COMPUTING INSTRUMENTS FOR USE WITH ANTI-AIRCRAFT BATTERIES. 
Corrector, Brocq; Corrector, Routin; Altimeters; Computers, Speed; Computer, 
Wind and Parallax; Grill, Model of 1917. 


(FRANKFORD ARSENAL OPTICAL LABORATORY). 

INSTRUMENT FOR THE EXAMINATION OF OpTICAL GLass (DESIGNED By G. W. Morrit.) 

This instrument is for use in sorting, inspecting for striae, and determining the 
mean index of optical glass in any form by the immersion method. It is also very well 
adapted to the critical examination of optical glass in slabs with opposite faces plane 
polished, and for the detection of bad glass and prism action in plates supposed to be 
plane parallel. 

It is based on the well known pin hole or knife edge test for an objective, the 
sensitivity being increased by utilizing the residual chromatic aberration of the large 
lenses. 


The advantage of having a well built instrument capable of maintaining its adjust- 
ment has justified the design and construction of this device. Convenience in use 
was kept in mind, and it will be noted that the user may introduce a specimen and 
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move it about while comfortably seated at the eye piece. Special features are the 
device for quickly adjusting the pin hole or knife edge to any desired position in the 
focal plane, and the observing telescope giving an erect and magnified field of view 
and placing the exit pupil in a position conducive to efficiency. 


UNIVERSAL Prism TestiInG INSTRUMENT (DEsIGNED By G. W. Morrttt.) 

The original intention in the design of this instrument was to provide a convenient 
and reliable device for the rapid testing of Porro prisms for definition and angle errors, 
but it soon became apparent that the instrument would serve almost equally well 
for the testing of many other prisms used in optical instruments. 

The fundamental principle embodied in the design is that every prism should be 
tested with light passing through it in the same way as will be the case when the prism 
functions as a part of an optical instrument. Experience has shown that when prisms 
are not tested in this manner good prisms are sometimes rejected and bad prisms some 
times passed. 

The unusual form of the instrument was adopted as being conducive to comfort 
and speed. Like all instruments of a universal character it is better adapted to some 
classes of work than to others. The aim of the designer has been to make it most 
suitable for those optical parts which experience has led us to expect in greatest 
numbers. 


U. S. COAST AND GEODETIC SURVEY. 
ASTRONOMICAL TRANSIT (BAMBERG). 
This astronomic transit was designed and is used primarily for the determination 
of time, though by a change of eyepieces and the use of accurate levels it may be used 
equally well for the determination of latitude. 


The most notable features are the micrometer eyepiece; the “broken telescope; 
and the method of reversal. 


THEODOLITE (TROUGHTON AND Srwms). 

This instrument was designed for the accurate measurement of horizontal angles 
and for the astronomic observations for azimuth. It is used on precise triangulation, 
where the average error in the closure of a triangle is not allowed to exceed one second 
of arc. Observations are made by the direction method with the telescope in both 
direct and reverse positions. 


REPEATING THEODOLITE (BERGER). 

The graduated circle of this instrument is 7 inches in diameter, and angles may be 
read to 10” by the vernier. It is used on secondary triangulation where the average 
closing error of a triangle is not allowed to exceed 3”. Observations are made by the 
method of repetition. 


Precise LEVEL. 

This level was designed by the Bureau exhibiting it, and is used on all precise 
level lines. The probable error in the difference of elevation between two bench 
marks one kilometer apart is +0.001 meter. The level is placed close to the line of 
sight and is seen by the observer through the left telescope at the same time the observa- 
tion is made on the rod. 
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VERTICAL CIRCLE. 

This instrument is used in precise triangulation for the measurement of vertical 
angles to other stations for the trigonometric determination of the difference in eleva- 
tion, and for astronomic observations for the determination of time for use in azimuth 
observations. 


VERTICAL COLLIMATOR. 

Used for centering high signals over the mark of a previously established station. 
This instrument was designed by the Bureau exhibiting it. Its use and adjustments 
are extremely simple. 


NAVIGATING SEXTANT. 
This is the type of sextant adopted for use in navigating the surveying ships of 
the Coast and Geodetic Survey. 


Evectric SIGNAL Lamp. 

This light was designed by Mr. E. G. Fischer, retired, of the Coast and Geodetic 
Survey. It is used as a mark for observing on at night in the measurement of precise 
horizontal angles. The light is very efficient and has been observed on when over 150 
miles distant from the instrument. 


HELIOGRAPH (HELIOTROPE). 
Observations of horizontal and vertical angles are made on heliographs. The 
heliograph exhibited is known as the “Box Type.” 


THEODOLITE—MAGNETOMETER. 

The magnetometer is used to measure the magnetic declination (variation of 
compass) and the horizontal intensity of the earth’s magnetic field. 

The magnet is suspended by a silk fiber allowing a much greater degree of sensitive- 
ness than is possible with a compass. The instrument is set in the magnetic meridian 
by sighting through the telescope and observing the highly magnified scale etched on 
the glass at the south end of the magnet. The true meridian is usually determined 
by solar observations with the attached theodolite. 

The horizontal intensity and the magnetic moment of the magnet are determined 
simultaneously by first observing the free period of oscillation of the magnet and then 
observing the angular deflections which the same magnet imposes upon an auxiliary 
magnet suspended in its place. The instrument is set up for the deflection observation. 


Dip Crrecie. 

The dip circle is used to measure the magnetic inclination or dip and the total 
intensity of the earth’s magnetism. 

The instrument is rotated until the needle is suspended in the plane of the magnetic 
meridian, circle facing east or west, and the microscopes are rotated until they are 
centered on the points of the needle. The angle of dip is then read off on the vertical 
circle. 

The total intensity is measured by first observing the dip with a loaded (weighted) 
needle and then measuring the angular deflections imposed upon an auxiliary magnet 
when the loaded needle is placed in position between the microscopes of the vertical 
circle. The instrument is set up for the deflection observation. 
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MAGNETOGRAPH. 

The magnetograph is used to record photographically the variations of the earth’s 
magnetic field. 

The variometer exhibited may be used for recording either the variation of the 
magnetic declination or horizontal intensity. For declination the magnet is suspended 
by a very fine quartz fiber in the magnetic meridian; for horizontal intensity a coarser 
fiber is used and the magnet is suspended in the magnetic prime vertical by means 
of control magnets and torsion. Reflecting mirrors are fixed to the suspension frame, 
revolving simultaneously with the magnet. An auxiliary magnet is placed on the 
deflection bar when the sensitivity of the instrument is determined. 

The photographic record is obtained by allowing the suspension mirror to reflect 
a beam of light from the lantern back to the photographic film which revolves in the 
recording box. The cylindrical lens in the box serves to reduce the reflected image 
of the lantern slit to a point at the film. This optical lever gives a highly magnified 
and permanent record of the variation of the variometer magnet. 

With the telescope and scale attached eye readings can also be made when 
photographic registration is impossible. A variometer for recording the variation of 
vertical intensity is described on page 96 of ‘‘Directions for magnetic measurements.” 


5. BAUSCH & LOMB OPTICAL COMPANY 
LARGE CONSTANT DEVIATION SPECTROSCOPE. 

A Constant Deviation Spectroscope with wave lengths scale for the physical 
laboratory; of the well known general type; all the vital parts, however, are given as 
much protection against injury as possible; simple and rugged construction; two kinds 
of slits; one with jaws movable by turning a collar, the jaws not sliding in dovetails 
but moved by a new mechanism needing no lubrication and never sticking. The other 
arrangement having six slits cut in silver on glass, mounted on a revolving disc, slit 
openings vary from 0.025 mm. to 0.2 mm. These slits will not collect dust between 
the jaws. Simplified ocular head containing the customary arrangements. 


ConsTANT DEVIATION SPECTROSCOPE FOR CHEMISTS. 

A Constant Deviation Spectroscope for the chemical laboratory; all optical parts 
and bearings enclosed and well protected; quick shift of wave length by cam movement 
in prism box; wave lengths read on drum through window in prism box. Slit arrange- 
ments the same as in the larger instrument. Construction simple and extremely 
rugged. 


PocKET SPECTROSCOPES. 

Pocket Spectroscope with three part direct vision Amici prism of about 5 degrees 
dispersion; protecting windows at both ends; slit adjustable by turning collar like in 
the large instruments; comparison prism. 

Simplified Pocket Spectroscope with silver or glass slit, fixed width; no comparison 
prism; protecting windows at both ends; prism of about 5 degrees dispersion. 
MONOCHROMATOR. 

This Monochromator is designed particularly for use with mercury arc light; it 
is of the auto collimation type; telescope vertically arranged in a column, objective and 
dispersion prism at the bottom, slits at the top. Light entrance and exit through 
horizontal coaxial short tubes into the head; height from table adjustable, wave 
length shift by screw in top; illuminated area about 10 mm square. 
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Coton Mrxinc AND CoMPARING APPARATUS. 

This instrument—designed in 1917—is essentially a Maxwell color box with two 
fields separated by a fine dividing line. It is possible to illuminate both fields with 
light of the same wave length and match them for intensity so that measurements of 
absorption of colored media can be made. By substituting an opaque mat, repre- 
senting the absorption curve of the medium for the slit near the condenser a direct 
comparison can be made with the object under observation. The apparatus can also 
be used for illuminating a small field on an opaque object with any mixture of colors. 
It can also be used as an anomaloscope after Nagel for the investigation of color blind- 
ness. 

Two Fretp MonocHRoMATOR. 

A Monchromator of the constant deviation type which has two independently 
movable dispersion prisms and a field divided by a fine dividing line. The two halves 
of the field can be filled with light of different wave lengths. 


CoMPARISON PHOTOMETER. 

This Photometer was originally designed for the purpose of comparing the light 
absorption of field glasses. It will, however, serve for quick work in many other cases 
where there is no greater difference than 25 percent. The matching is accomplished by 
means of neutral wedges. 


MARTENS PHOTOMETER. 

Polarization type. For reading absorptions of glass and liquids. Photometric 
field obtained by means of Wollaston prism and bi-prism. Match point 45°. Espe- 
cially great distance between the entrance openings. 


PHOTOMETER STAND. 
For use with Martens Photometer and Constant Deviation Spectroscope to form 


complete spectrophotometric outfit. Carries light source condensing lenses and tube 
holders. 


New ABBE REFRACTOMETER. 

Solid construction and easy operation. Each instrument equipped with slow 
motion screw. Compensation from two Amici prisms. Dispersions read directly from 
accompanying charts. Range1.3to1.7. Sugarscale on every instrument. 

DippInG REFRACTOMETER. 

Readings to 5 in fifth decimal place. Final setting by micrometer drum. Com- 
pensation by single Amici prism. Range from 1.32 to 1.51 by means of a battery of 
six dipping prisms which can be easily interchanged. 

COLORIMETER. 
Instrument equipped with new prism, sample of which is shown. Invisible 


dividing line gives settings of great accuracy. Field free from disturbing reflections 
and shadows. 


HAEMOGLOBINOMETER. 

A colorimeter of the biological type in which the blood sample, after treatment 
with hydrochloric acid, is balanced against a filter of glass giving a close spectral 
match for the treated blood. The scale reading directly in per cent haemoglobin is 
based on Williamson’s normal value of 16.92 grms. per 100 cc. Special cups and 
plungers fused bases. 
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ASPHERIC CONDENSER. 

Two models of motion picture projectors showing the action of an ordinary and a 
spherically corrected (parabolic) condensing system. 
DioPTROMETER. 

An instrument for determining quickly with commercial accuracy the power of 
spherical and cylindrical (compound) ophthalmic lenses. The instrument allows also 
the “laying out” of prescriptions. The history of this instrument is illustrated by the 
exhibition of seven other models which show the evolution of the instrument and ar 
an interesting example of the nature of the problems which are put at times before t! 
scientific staff of an industrial establishment. 

Fretp TELEMETER. 

A model of a telemeter for use in surveying of the constant parallax type; settin 

by coincidence of images. Made in 1907. 


6. DR. HARRY S. GRADLE 


INSTRUMENTS FOR THE DETERMINATION OF AREAS OF RETINAL CORRESPONDENCE. 

The instrument consists of a circular disc, some 18” in diameter, mounted on a 
floor standard. In the center of the disc is a slit, 12” long and 1 mm wide. Th 
patient observes the slit in a horizontal position for 30 seconds with one eye closed 
The slit is then rotated to the vertical position and is observed by the other eye for 30 
seconds. The light is then turned off and the position of the after images described 
In the case of correspondence of retinal areas, there will be a perfect cross formed by 
the after images. In case of lack of correspondence of retinal areas, there will be no 
permanent result to any operation on that patient for strabismus. 


7. BUREAU OF STANDARDS 


(RADIOMETRY SECTION) 
STELLAR SPECTRAL RADIOMETER (COBLENTZ). 
A vacuum thermocouple and a set of transmission screens which either singly, or 
in combination, transmit narrow regions of the spectrum. 
Useful in obtaining the spectral energy distribution of stars too faint for measure 
ments with a spectrometer and thermopile or bolometer. (B.S. Sci. Pap. 438.) 


8. A. AMES, JR. AND BLANCHE AMES 


Cotor STANDARD. 

Standard of about thirty-three hundred different colors painted with oil pigments 
on cloth backed paper cards. The cards are removable and each card is numbered. 

All the cards on each sheet are the same hue. All the cards in the same horizontal 
row are approximately the same value. All the cards in the corresponding vertical 
rows are of substantially the same saturation or chroma. 

Its special advantages as a color standard are thé arrangement, the large number 
of different colors and the removable cards. 


9. SOCIETE GENEVOISE D’INSTRUMENTS DE PHYSIQUE 
ConsTANT DEVIATION SPECTROMETER. 
The observing telescope of this instrument has an effective aperture of 25 mm. 


and a focal length of 265 mm. The flint prism has a refractive index of about 1.72. 
The slit is of a new type, in which the two blades are opened symmetrically under 
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the action of a wedge controlled by a micrometric screw. An auxiliary rotatable prism 
permits the projection of a comparison spectrum in the collimator. The wave-length 
graduation of the micrometer head extends from 4000 to 7200 A. U., by 2 units from 
4000 to 4500, by 5 units from 4500 to 5000, by 10 units from 5000 to 6000, and by 20 
units from 6000 to 7200. The accuracy is such that in the violet spectrum measure- 
ments are true to 1 or 2 A. U., while at the red end the accuracy is from 5 to7 A. U. 
The telescope is fitted with a mirror for iduminating the cross hairs against the dark 
bottom of the field. A removable brass cover protects the prism and objectives of 
the telescopes and excludes external light. 

Instrument kindly loaned for this exhibition by the Testing Laboratory, Hawkeye 
Works, Eastman Kodak Co., Rochester, N. Y. 


LENGTH COMPARATOR FOR MEASUREMENTS IN AIR. 

This comparator permits the comparison of two scales up to one meter in length. 
The two scales are mounted on independent supports fitted with adjusting devices for 
vertical, longitudinal and transverse adjustments, to facilitate the location and fo- 
cusing the scales. These supports are attached to a carriage moving on guiding rails 
in a direction at right angles to the scales. The carriage is hand-driven by means 
of a crank wheel acting on pinions and racks. The micrometer microscopes permit 
readings to 0.001 mm, and have a magnification of 50. They are mounted on supports 
which are adjustable over the whole length of the comparator. The microscopes are 
also furnished with graduations in inch units, if desired, reading to 0.00005 inch. 

Instrument kindly loaned for this exhibition by the Development Laboratory, 
Western Electric Co., New York. 


\UTOMATIC MACHINE FOR GRADUATING MICROMETER HEAps, Drums, CYLINDRICAL 

AND CONICAL SURFACES. 

This motor-driven machine for graduating cylindrical or conical surfaces has a 
capacity for work-pieces 270 mm (1034”) in diameter and 120 mm (434”) long. Lines 
up to 30 mm long and from 0.1 to 0.25 mm wide and up to 0.2 mm in depth may be 
ruled at a rate of 80 per minute. The round table has 180 teeth and ratchet wheels 
for the tangent screw with 120 and 200 teeth are provided and, for the tracing tool, 
with 20 and 24 teeth. Adjustments are provided which make possible a wide variety 
of spacing lines and of combinations of various lengths of lines. The guaranteed 
accuracy of the machine is +10 seconds of arc. Pieces to be graduated are placed in 
the jaws of a chuck or, for small diameters, in a conical chuck. When requested 
special jigs can be supplied for carrying out automatically and rapidly irregular division 
of a part. 


10. LABORATORY OF APPLIED SCIENCE, NELA RESEARCH 
LABORATORIES. 


DirrusE REFLECTOMETER—A. H. TAYLOR TYPE. 

This reflectometer, when used with a Macbeth illuminometer or some other 
type of portable illuminometer, can be used to measure the diffuse reflection factors 
of objects in situ. It can also be used to measure the transmission factors of clear 
or translucent objects. Its principal advantages are simplicity and portability com- 
bined with accuracy. 

For complete description see B. S. Sci. Pap. No. 405. 
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PHOTOMETER AND SPECIAL WINDOW FOR INTEGRATING SPHERES. 

This photometer with integrating spheres where direct reading candlepower sca 
are employed, enables the operator to adjust the comparison lamp for an exact color 
match with the standard lamp, and to make the photometric scales direct reading at 
the same time. The principal advantages are as follows: 

1. It is less expensive and more compact than a bar photometer. 

2. The graduations of the photometric scales are uniform. 

3. It is possible to exactly match the color of the sphere window when phot: 
metering clear incandescent lamps, and to make the scales direct reading at the san 
time. 

4. No sectored disks are necessary. 


11. CORNING GLASS WORKS 


Licut FILTers. 


12. HANOVIA CHEMICAL & MFG. CO. 


KALOSAT SOFT FOCUS LENS FOR PHOTOGRAPHIC USE WITH SPECIMENS OF PHOTOGRAPH 

TAKEN WITH KALOSAT. 

The lens is made of transparent quartz constructed so that all the valuable light 
rays in the spectrum, including the ultra-violet, pass through it. This feature makes 
it the fastest lens known. It has a high refractive index with a wide range of spectra! 
transmission. The spectral diffusion secured combines a sufficiency of definition with a 
softness that permits of a very broad handling. It may be used at full aperture with 
little danger of halation. 


FusEepD QUARTZ OPTICAL GOODS, MICROSCOPIC SLIDES, COVER GLASSES, PRISMS, ETC. 
SPECIAL LENSES OF FUSED CRYSTALLINE QUARTZ. 


13. COOPER HEWITT ELECTRIC CO. 
GRADED FUSED-QUARTZ-TO-PYREX AND FUSED-QUARTZ-TO-LEAD-GLASS JOINTS. 
These joints are entirely unique in their properties in that they are made in sizes 
from capillary to 1144” bore and will stand the same temperature changes as will the 
glass of lowest melting point in the series. They are used in general laboratory work 


for connecting laboratory gas handling systems of various glass materials together in a 
continuous manner thus doing away with ground joints or rubber tube connections. 


Quartz-GLass APPARATUS FOR PHOTOPHYSICS AND PHOTOCHEMISTRY. 

The fused quartz used for this apparatus is produced from the best quality of 
Brazil rock crystal. Its purity and freedom from bubbles insures a minimum dispersion 
and a maximum transmission of the far or higher frequency ultra-violet. This is a 
much higher grade of quartz than is ordinarily used or required for chemical work where 
only the heat resisting properties are important. 

A few standardized designs are shown. Quartz-glass tubing is made in sizes 
ranging from capillary to 144” bore and larger. The ends may be closed at a slight 
additional expense to form test tubes. Photo-electric cell frames are regularly made 
to the specifications of Kunz and Stebbins while special designs can be made from 
dimensioned sketches. Various kinds of spectrum tube frames are made of which two 
are shown. Homogeneous absorption cells are made with approximately parallel 
plane polished sides. 


. 
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Uviarc Lamps. 

The Uviarc is made of fused Brazil rock crystal, which is the best quality of clear 
crystalline quartz, and is especially prepared for high transmission of the ultra-violet. 
In operation there is an arc from a mercury cathode toa tungsten anode. Ata mercury 
vapor pressure of one atmosphere this arc is concentrated into a narrow cord in the 
center of the arc tube and becomes the most efficient source of high frequency ultra- 
violet radiation available. 

The Uviarcs are made in standard models as follows: 

110 V.—450 Watt, 3” arc, horizontal, 
110 V.—450 watt, 3” arc, vertical, 
220 V.—900 watt, 6” arc, horizontal, 
220 V.—900 watt, 6” arc, vertical. 
Uviarc Lamps are used for photo-therapy, sterilization and photochemistry. 


LABARC. : 

The Labarc is a small high intensity quartz mercury arc for use in the laboratory 
as a source of mono-frequency or monochromatic infra-red, near and far ultra-violet and 
visible radiations. It is applicable to polarimetry, interferometry, photomicrography, 
spectrometry, filter absorptions and photoelectric effects. 

The Labarc has an effective light source area of 4 134 inches which is ample 
for the illumination of such slits or filters as are ordinarily used. It is enclosed in a 
metal casing to protect the observer from stray light and is provided with a removable 
mica filter to absorb the far ultra-violet when it is not needed. It emits so relatively 
little radiant heat that it may be used near to accessory optical apparatus. It has 
the same high intrinsic brilliancy as the larger quartz lamps sold for commercial use. 

It is provided with an adjustable slit, set close to the light source, but any standard 
slit with fine adjustment may be used where necessary. A light-tight removable 
filter holder is provided. The Labarc is made as a single standard unit for operation 
on 110 volts either alternating or direct current. The arc proper is connected to the 
auxiliary electrical equipment in the base by a separable connector and standard lab- 
oratory fixtures. Thus it is easily adjustable, removable, and adaptable to a variety 
of set-ups. 


14. BUREAU OF STANDARDS 


(AERONAUTIC INSTRUMENTS SECTION) 
SYNCHRONIZING TypE GROUND SPEED AND Drirt INDICATOR. 

The synchronizing type of Ground Speed and Drift Indicator is employed to 
determine the angle of drift and the speed of aircraft relative to the ground. The 
instrument comprises a vertical telescope between whose objective and eyepiece a 
rotatable hexagonal prism is mounted, with its axis of rotation horizontal and at right 
angles to the direction of apparent ground motion. The prism is connected to a 
tachometer graduated in ground-speed units, and is caused to rotate by an electric 
motor acting through a speed-changing device which allows for variation in angular 
velocity in accordance with the velocity of travel of the aircraft. A device for altitude 
compensation is provided. 

The operator of the instrument sights through the telescope at passing objects on 
the ground. With the prism stationary, the instrument is oriented until the passage 
of the objects is made directly across the field and in the direction of the neutral axis 
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of the instrument. The drift is then observed with reference to a graduated circular 
scale. The prism is now caused to rotate and its motion adjusted until synchronized 
with the motion of the passing objects. At this point the latter motion is neutralized 
and the objects appear to be stationary. The ground speed as indicated by the 
tachometer may now be observed. 


RATE OF CLIMB RECORDER. 

The Rate of Climb Recorder is designed to furnish a record of rate of ascent or 
descent (independent of the density of the surrounding air) of the aircraft over a 
certain definite period of time. 

The instrument is composed essentially of a pressure element, affected by altitude 
changes, and a recording element by which the record chart is made. The pressure 
element consists of a flexible accordion-like cylindrical air chamber of metal which is 
closed to the external air excepting for communication through a capillary leak tub: 
Changes of external pressure are accompanied by corresponding deformations of the 
pressure element; the differential pressure causing these changes results from the r 
sistance offered by the leak device to the flow of air. 

The movements of the air chamber are transmitted to a small, rotatable mirror 
which reflects the image of a line filament toward the surface of a sensitized film or 
chart. Before reaching the chart the image falls upon a screen with a narrow slit cut 
at right angles to the line image; a point of light is thus allowed to fall upon the chart. 
The latter is propelled at a definite speed by means of clock work and a continuous 
time-rate-of-climb curve is thus produced. By using the above optical recording 
device the weight of the instrument has been reduced to a minimum and the accuracy 
considerably improved. 


15. A. H. PFUND. 


A PRECISION ROTATING SECTOR. APERTURE VARIABLE AND MEASURABLE WHILE IN 
MOTION. 


16. CENTRAL SCIENTIFIC COMPANY 


INGERSOLL GLARIMETER, NEW MObDeEL. 

An instrument for measuring the “gloss” of paper and other surfaces. The 
specularly reflected light from the surface under test is polarized, while the diffusely 
reflected light is unpolarized. The mixture of polarized and unpolarized light illu- 
minates a slit, whose image is doubled by passage of the light through a Wollaston prism. 
With a rotating Nicol prism, a brightness match between the two images is secured 
To each setting of the Nicol between 15° and 60° there corresponds a particular degree 
of gloss. Zero gloss gives a match at 15° and complete reflection at 60°. 


17. J. C. HUBBARD 
Goip-Lear ELECTROMETER. 

A gold-leaf electroscope is mounted on a horizontal axis so that the deflection of 
the leaf may be balanced by gravity. This is done by turning the instrument through 
such an angle that the leaf returns to zero position. Thus constituted, the instrument is 
null reading, the potential of the leaf being proportional to the sine of the angle. 
Provision is made for varying the sensibility from 1/10,000 to 100 volts. A pre- 
liminary form has been described in the Physical Review, 33, pp. 558-561, 1911. 
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18. BUREAU OF ORDNANCE, NAVY DEPARTMENT 


BinocuLAR COLLIMATOR MARK III MANUFACTURED BY THE NAvAL Gun Factory, 
Navy Yarp, Wasuincton, D. C., ILLUSTRATING METHOD OF ADJUSTING BIN- 
OCULARS. 

The target in the principal focal plane of the objective is illuminated by placing 
an electric light in the rear of it. 

Clamp one barrel of binocular and focus both eyepieces until target is sharply 
defined and free from parallax. The free half of the binocular is then brought to the 
minimum interpupillary position and is adjusted approximately concentric with 
largest visible circle on target by means of the universal clamp. Use one eye observing 
horizontal lines of target alternately direct and through half binocular, shifting rapidly. 
If the horizontal lines appear parallel in these positions, prisms of that half are square. 
If not parallel adjust by means of proper prism screws. 

Place the free half of binocular in minimum interpupillary position and apparently 
concentric with largest visible circle on target (note number of degrees and minutes 
covered), rotate free half of binocular to other extreme and note largest circle on 
target covered. For binocular in adjustment, these circles should coincide. Otherwise 
note difference of readings and correct half with appropriate prism screws and half 
by moving universal clamp. Continue the above process until the two readings show 
no difference. After one half of binocular is squared and collimated this half should 
be put in universal clamp and the other half adjusted in like manner as above. 


19. C. P. GOERTZ AMERICAN OPTICAL CO. 


POLARISCOPES AND ACCESSORIES. 

POLARISCOPES FOR THE ANALYSIS OF SUGAR SOLUTIONS AND OTHER POLARISING FLUIDS. 
VARIOUS LAMPS AND ACCESSORIES. 

REFRACTOMETERS AND ACCESSORIES. 

REFRACTOMETERS, SYSTEM ABBE, BUT OF NEW AND IMPROVED DESIGN, FOR TESTING 
FATS, OILS AND OTHER FLUIDS. 

ACCESSORIES. 


20. WARREN P. VALENTINE 


REFRACTOMETER—MOpIFIED ABBE TyPE “Precision” MODEL. 

Refractometer—Modified Abbe type for determining the refractive indices (Na) 
of liquids, plastics and solids within the range Na 1.300 to Ng 1.720 and the approxi- 
mate mean dispersion Nre—N,. With scale divided to the third decimal: for determina- 
tions accurate to the fourth decimal within the limits + .00005. 

Special features consist of screw adjustable achromatic ocular in sliding tube 
with reticule for elimination of parallax, also means for clamping the index arm with 
slow motion fine adjustment. There are also many other devices tending to increase 
the accuracy of calibration and use and to reduce the strain of the user. Has heatable 
prisms and compensating prisms for use with daylight. 


REFRACTOMETER—IMPROVED PRECISION MODEL. 

Refractometer for determining the refractive indices of liquids, plastic and solid 
bodies within the range Na1.300 to Ng 1.600, with scale divided to the fourth decimal; 
for determination to the fifth decimal within limits of errors + .00001. 
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Special features :— 
Achromatic ocular in screw adjustable sliding cell with reticule. 
Slow motion devices for obtaining’and holding adjustments. 
Brinell microscope fixed to telescope for reading section scale. 
Has heatable prisms and compensating prisms for use with daylight. 


REFRACTOMETER—-MopiFIeD Butyro Type “Fat” Monet. 

Refractometer, modified Butyro type, for determining the refractive indice 
(Na) of oils, fats and waxes within the range Na 1.42 to Ng 1.49, with ocular scale () 
to 100 for accuracy to the fourth decimal. 

Special features—The optical system is similar to the Butyro with the exception 
that an adjustable direct vision prism is used to compensate or correct for disper 
sion, thus enabling the use of the instrument with daylight. 


21. BUREAU OF STANDARDS 


FREDERICK BATES 


ADJUSTABLE SENSIBILITY SACCHARIMETER (MADE By J. AND J. Fric). 

Used by the U. S. Government for the examination of sugar at the various ports 
of entry. 

The first instrument with wedge compensation for white light whose sensibility 
and brightness are adjustable. By simply turning a milled head both analyzer and 
polarizer Nicols are rotated simultaneously through the correct angles to give any 
desired sensibility and brightness without change of the zero point or other corrections 
The half-shadow angle is shown by the “Degree of Brightness” scale which is in plain 
view of the operator. This arrangement permits of readings for the first time under 
theoretically perfect conditions. The optical and mechanical parts are protected from 
dust and injury by being enclosed in a dust-proof metal case. The scales and verniers 
are etched upon ground glass and read by transmitted light. The objectionabl 
black line between vernier and scale on the metal scales commonly used is thus avoided 
as well as the expansion coefficient. The scale is much easier on the eye than the 
ordinary scale and can easily be interpolated to 0.01% sugar. Scales are perfectly 
illuminated by the light source of the instrument and read up to a 100% sugar. The 
movement of the quartz wedges is effected by two milled heads placed at each side of 
the lower part of the upright at the analyzer end of the heavy stand. The milled heads 
are vertical, their positions thus being 90° from that ordinarily used and permitting 
of a free and natural movement of the hand while making a setting of the instrument. 
They can be fixed in any position by means of a special locking device. The milled 
heads for moving the scales are supplied with micrometer screws which can be instantly 
utilized whenever unusually high precision readings are desired. 


22. BUREAU OF STANDARDS 
OPTICAL INSTRUMENT SECTION 


A VARIABLE POWER MAGNIFYING STEREOSCOPE. 

This instrument was designed and built by the Bureau of Standards for the Coast 
and Geodetic Survey. It is to be used to view stereoscopically pairs of pictures taken 
in rapid succession from an airplane in order to facilitate the identification of land- 
marks. 
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23. CHRISTINE LADD-FRANKLIN 


Charts illustrating the Ladd-Franklin theory of color vision. 
V. BuREAvU OF STANDARDS LABORATORY EXHIBITS 


On account of the limited space in the exhibition room and the 
inconvenience of disturbing complicated “built-in” apparatus 
the Bureau of Standards contributed very little to the exhibits 
in the exhibition room. The Bureau’s apparatus was however 
open to inspection in the rooms where it is regularly used. In- 
struments and apparatus thought to be of most interest to the 
Optical Society were listed and described in the advance program 
which thus served as a guide to visitors. This list with descrip- 
tions is given below, substantially as it appeared in the program. 
1. StanpaRD Horizontat Pootrometers. In charge of B. S. Willis. 

Double photometer bar, for simultaneous measurements by two observers, used 
in calibration of standard lamps. Auxiliary equipment includes recording apparatus, 
lamp rotator, sectored disks, and precise electrical measuring equipment. 

2. FLICKER PHOTOMETERS AND COLORED Test SOLUTIONS FOR PHOTOMETRIC OB- 

SERVERS. In charge of B. S. Willis. 

Lummer-Brodhun photometer with Kingsbury flicker attachment and Ives test 
solutions. By measurements on the transmission of these solutions the relation of an 
observer to the average or normal can be found for certain kinds of photometric 
measurements involving color differences. 

3. PHotometric DistrisuTion Apparatus. In charge of B. S. Willis. 

Double mirror selector for determination of candlepower of sources at various 
angles. In connection with the selector a Bechstein universal photometer is used. 
Other types of portable photometers may be seen in the same room. 


4. INTEGRATING PHOTOMETRIC SPHERE AND TAYLOR REFLECTOMETER. In charge of 

B. S. Willis. 

Eighty-eight inch reinforced concrete sphere used for precise measurements of 
light flux. The reflectometer applies the principle of the sphere in a portable instru- 
ment for the absolute determination of diffuse reflection factors. (A sphere of inter- 
mediate size may be seen in Room 308.) 

5. KOENIG-MARTENS SPECTROPHOTOMETER. In charge of M. Katherine Frehafer. 

(Ann. der Phy. (4) 12, p. 984; 1903.) 

6. PHOTOELECTRIC SPECTRORADIOMETER.—In charge of K. S. Gibson. 

The potassium hydride photoelectric cells are of high sensitivity in the blue, 
where visual and photographic spectroradiometers are ordinarily of low precision. 

These cells have been used to measure spectral transmission and similar quantities. 
The null method employed eliminates errors, uncertainties or calibrations connected 
with electrometer deflections, “dark currents” or relationship between irradiation of 
the cell and photoelectric current. 

(B. S. Sci. Paps. 349 and 440.) 





98 PROCEEDINGS [J.0.S.A. & R.S.1., VII 


7. HitceR SECTOR PHOTOMETER WITH QUARTZ SPECTROGRAPH FOR ULTRA-VIOLE1 

SPECTRORADIOMETRY.—In charge of H. J. McNicholas. 

The apparatus is used for a quantitative study of the spectral transmissive 
properties of materials in the ultra-violet region of the spectrum. It is a null method 
eliminating much trouble and uncertainty common to older photographic methods. 

It consists essentially of three parts: (1) a source of ultra-violet radiant energ) 
giving a continuous spectrum, (2) the Hilger sector photometer, (3) a quartz spectro 
graph. 


8. SPECTROPHOTOMETER (COLOR ANALYZER) FOR MEASURING SPECTRAL REFLECTION 
(DESIGNED BY Keurret & Esser AND THE BUREAU OF STANDARDS).—In charg: 
of R. E. Lofton. 

Consists of a hollow sphere containing four incandescent lights illuminating in 
directly the sample and a standard white. The light from the two fields is then re 
flected through a rotating sector diaphragm and into a spectrometer by which means 
the ratio of the light reflected by the sample to that reflected by the standard is ob 
tained for the various wave-lengths or colors of the spectrum. 


9. EXPONENTIAL SPECTROPHOTOMETER FOR Liguips.—In charge of Irwin G. Priest 

This spectrophotometer consists essentially of a constant deviation spectrometer 
(Hilger) in combination with the “exponential” or “variation of thickness” photo- 
meter. The essential features of the latter are: 

(a) Two beams of light proceed horizontally, one above the other from a uni 
formly illuminated vertical surface. 

(b) A rotating sector disc of known transmission can be interposed in the upper 
beam. 

(c) By means of two totally reflecting partially immersed rhombs, the lower beam 
is diverted through a variable thickness of liquid determined by the distance between 
the rhombs, one of which is carried by a slide on a track parallel to the beams of light. 
The liquid is contained in a horizontal trough with open top into which the rhombs 
dip. 

(d) The two beams are brought into juxtaposition in the photometric field by 
means of a biprism at the telescope objective. 

(e) The thickness of liquid in the lower beam is varied until its transmittance 
equals the transmission of the sector disk as judged by equality of brightness in the 
photometric field. 

(f) A suitable scale provides for direct reading of transmissivity or the logarithm 
of transmissivity. 

This instrument has been developed to meet the needs of rapid as well as accurate 
work. It is direct-reading in transmissivity, logarithm of transmissivity and wave- 
length. The instrument does its own computing automatically and a spectral curve 
may be determined and plotted in a few minutes. It is thought it will be especially 
useful in the technologic examination of oils, dye solutions, sugar solutions, etc. 

(Phy Rev. (2) 18, p. 127; Aug., 1921.) 


10. MicROMETER-MICROPHOTOMETER FOR MEASURING RELATIVE WAVE LENGTHS 
AND PHOTOGRAPHIC DENSITIES IN SPECTRA.—In charge of W. F. Meggers. 
This instrument is an improved model of the new microphotometer described in 

Scientific Papers of the Bureau of Standards (No. 385) 16, p. 200-307; 1920. It con- 
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sists of a measuring engine with 1 mm pitch screw 30 cm long and a pyrometer lamp 
mounted in the microscope. Using the pyrometer lamp filament as a filar, the rela- 
tive positions or wave lengths of spectral lines on a plate are determined at the same 
time that their photographic densities are measured by matching the transmitted 
light with equal filament brightness. The lamp is calibrated so that filament current 
readings are readily translated into photographic densities. 


11. CommerciAL (Lire-Test) PHotometric EquipMent.—In charge of Miss R. M. 

Collins. 

A bar photometer with special attachments and scales for the rapid determina- 
tion of candlepower and efficiency of electric lamps. Lamp racks with transformers 
and regulating equipment for burning lamps at various voltages maintained constant 
within a small fraction of one per cent. 


12. PHOTOMETER FOR MEASUREMENT OF BRIGHTNESS OF SELF-LUMINOUS MATERIALS. 

—In charge of W. H. Wadleigh. 

Enclosed photometer in which the comparison surface is a diffusing and colored 
transmission screen lighted from the rear by a movable lamp. The color of the screen 
is so chosen as to match closely that of the material to be measured. A real image of 
the object under test is formed on the diagonal plane of the Lummer-Brodhun cube 
through which the comparison surface is viewed, thus making it possible to see any 
point of it, in juxtaposition with the comparison surface. The instrument has been 
used for measuring surface brightness as low as 0.5 microlambert, (=0.005 meter 
candle) and for obtaining rough estimates as low as 0.1 of a microlambert. It is 
particularly useful in measuring the brightness of self-luminous surfaces. 


13. APPARATUS FOR THE DETERMINATION OF HvE SensrBiLity (WAvE-LENGTH 
DIFFERENCES PERCEPTIBLE BY DIFFERENCE IN HUE) AND THE VISIBILITY OF 
RADIANT EnERGy.—In charge of Irwin G. Priest. 

This apparatus is designed to provide for determining: 

1. Hue Sensibility to Wave Length Difference. 
(a) with pure spectral stimuli, 
(b) with spectral stimuli plus any amount of white light. 
2. Visibility of Raciant Energy, 
(a) by the “step-by-step” method, 
(b) by comparing the spectral brightness with a constant comparison source, 
using either the “equality of brightness” or the flicker criterion. 
The heart of the apparatus is a constant deviation grating spectrometer (Hilger). 

The ordinary slit has been replaced by a special slit divided so that one-half of it may 

be displaced relative to the other half in a plane normal to the collimator. A micro- 

meter screw reading directly in millimicrons, enables any small wave length difference 
to beset. By means of a bi-prism at the telescope objective, the observer sees a divided 
field (at the objective) the two halves of which are illuminated respectively by the 
two halves of the above mentioned special slit. The relative brightness in this field 
may be varied either by a special Keuffel & Esser sector photometer or by wedges at 
the slit. 

White light is added to any pure spectral light by means of reflection from an 
oblique glass plate between the grating and the telescope objective. A polished sector 
wheel rotates in front of the telescope objective in a plane at 45° to the axis of the 
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latter. By means of an auxiliary photometer attached to the apparatus, the total! 
field brightness as well as its homogeneous and white components may be measured in 
millilamberts at any time. 


14. Rotatrory Dispersion COLORIMETRIC PHoromeTer.—In charge of Irwin ( 
Priest. 
(See paper “Colorimetry and Photometry of Daylight and Incandescent Illun 
nants” etc. in program of papers.) 


15. STANDARD ROTATORY DISPERSION APPARATUS FOR THE DETERMINATION OF TH 

NorMat Stimutus or Gray.—lIn charge of Irwin G. Priest. 

This apparatus consists essentially of the Arons Chromoscope (Ann. der Ph 
(4) 39, pp. 545-568; 1912), modified by the introduction of an additional quart 
plate, together with a source of light at a standard color temperature. An accessor) 
feature which may be of more general interest in optical research is a perfectly dark 
but ventilated cover for the observer’s head, providing for some degree of comfort on th: 
part of the observer when making a long series of observations. 


16. SPECIAL APPARATUS FOR THE DETERMINATION OF THE NORMAL STIMULUS OF 

GRAY WITH FULL Frecp ILLumiInatTiIOn.—In charge of Irwin G. Priest. 

The observer looks into the inside of an opal sphere (illuminating glass ware 
which is inclosed in a truncated pyramid lined by four plane plate glass mirrors. The 
large base of the pyramid is covered with ground glass and Luckiesh “Trutint” day 
light glass, illuminated by an incandescent lamp. The bases of the pyramid ar 
perpendicular to the line connecting the lamp and the observer's eye which is in the 
small base of the pyramid. By this arrangement the whole field of the observer's 
eye is approximately uniformly bright. Color is varied by current variation in the 
lamp, brightness being kept constant by corresponding changes in lamp distance. 


17. FizeEau Expansion Apparatus.—In charge of C. G. Peters. 
Electric furnace; Pulfrich instrument; Quartz plate interferometer. 


18. DrmweENsIONAL CHANGE ApPARATUS.—In charge of C. G. Peters. 
Interference measuring machine and Pulfrich apparatus. 


19. ScaLe Rutinc Macuine.—In charge of C. G. Peters. 
Michelson type interferometer with ruling attachment. 


20. PorTABLE GAs INTERFEROMETER.—In charge of E. R. Weaver. 
Zeiss portable gas interferometer for analyzing gas mixtures. 


21. Laporatory GAs INTERFEROMETERS. 
Three laboratory type Zeiss gas interferometers used for analyzing gas mixtures. 


22. DISAPPEARING FILAMENT OpTICAL PyroMETER.—In charge of C. O. Fairchild. 

A laboratory type of optical pyrometer for high precision measurements. This 
instrument is used as either a telescopic or micropyrometer. A precision of 0.1° C 
is ebtained in measurements of from 660° to 1555° C. A description of the instru- 
ment and the theory of its development is in preparation. 
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23. UNIVERSAL PoLartmeter.—lIn charge of A. Q. Tool. 

A half-shade instrument which measures with precision both azimuth and ellipti- 
city of elliptically polarized light, ranging from rectilinear to circular vibration. 
Essential features are a half-shade Nicol combined with a Brace elliptic half-shade 
thus forming a four-part field which in any setting is brought to a complete match. 


24. CrystaL GrowING APPARATUS AND Various CrystaLs.—In charge of F. P. 

Phelps. 

A thermostat with automatic temperature regulator, designed for the growing of 
large crystals. The temperature is allowed to drop at a rate of about 0.05° C per 
day. Among the crystals that have been produced are—Sodium Nitrate, Rochelle 
Salt, Nickel Sulphate, and a number of rare sugars, and their derivatives. It is 
desirable to obtain large crystals of these heretofore little known sugars in order to 
accurately determine and record their optical properties. 


25. PHOTOGRAPHIC SENSITOMETRIC APPARATUS.—In charge of Raymond Davis. 
Apparatus for testing the characteristics of plates and films, consisting of: 
(a) Plate cutting device for cutting test samples. 
(b) Sector wheel sensitometer. 
(c) Thermostated developing bath. 
(d) Apparatus for measuring Filter Factors. 
(e) Photometer for measuring densities. 


26. METALLOGRAPHIC Microscopes.—In charge of H. S. Rawdon and S. Epstein. 

Microscopes adapted to the study of the structure of opaque materials (metals, 
alloys, etc.). Three different models; Zeiss, Leitz and Bausch & Lomb are available, 
together with transparencies showing the results obtainable. 


27. Davsy Opticat Loap Extension Recorper.—In charge of John R. Freeman, Jr. 
This apparatus is for determining the stress-strain curve of a tensile test from zero 
load to the break. 
The curve is obtained by photographic means. 


28. PHOTOMICROGRAPHIC APPARATUS.—In charge of R. E. Lofton. 

This consists of a commercial outfit fitted with a very long bellows (16 feet or 
more), and the substitution of a 400 watt incandescent light for the carbon arc regularly 
supplied. 

29. MICROPROJECTION OF STRATIFIED Soap Fitms.—In charge of P. V. Wells. 


30. ULTRAMICROSCOPE (ZEIss SLIT).—In charge of P. V. Wells 
Exhibit of Brownian Movement. 


31. GENERAL ELectric OscrLLoGrRAPH, BuREAU OF STANDARDS MODIFICATIONS.— 

In charge of R. A. Webster. 

The oscillograph is used to obtain photographic records of electrical phenomena 
which occur in very small intervals of time. The auxiliary equipment makes varia- 
tions in the electric circuit corresponding to other occurrences, such as the recoil of 
guns, and thus gives a photographic time record of those events. A special stroboscopic 
fork arrangement gives a very accurate time scale on the film. 

32. CaTHopE-Ray OsciLLoGRAPH (BRAUN TuBE).—In charge of Miss F. Kenyon. 

The instrument is intended for use in the standardization of wavemeters for radio 
frequencies. Lissajous patterns are obtained on a fluorescent screen when two cir- 
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cuits, oscillating at frequencies which bear a simple ratio to each other, act simu! 
taneously on the cathode stream, and serve as a means for the frequency comparison 
33. Proyectite CAMEeRA.—In charge of A. H. Sellman. 

For the photography of projectile in flight and the determination of its velocity. 


34. Opticat Giass PLant.—In charge of A. N. Finn. 
Making, moulding, annealing and inspection of optical glass. 


35. OPTICAL SHOPS, 


HicHEst Precision HAND Work.—In charge of J. Clacey. 

This shop is largely devoted to special jobs requiring work of great delicacy 
and precision, such as true plane surfaces, standard quartz plates (used in polarimetry 
and colorimetry) repair of polarimetric apparatus, etc. 


MACHINE GRINDING AND Po.isHinc.—In charge of F. C. Weaver. 
Grinding and polishing machinery, tools, gauges, spherometers and work in 
progress. 
The president announced the election of Prof. A. A. Michelson and Dr. S. W 
Stratton to Honorary Membership in the Society. 
The meeting was concluded by an informal dinner at the Hotel Ebbitt. 
The next meeting will be held at Cleveland, in October, 1923. 
Irwin G. Priest, 
Secretary. 
WASHINGTON, 
NovEeMBER 2, 1922. 





INSTRUMENT SECTION 


THE DIOPTROMETER 


\N APPARATUS FOR MEASURING THE POWER OF COMMERCIAL 
LENSES 








By Henry F. Kurtz 


Some years ago, a need appeared for an instrument by means of 
which the powers and other optical constants of spectacle lenses 
might be measured simply and quickly to the degree of accuracy 
required for commercial purposes. 

Two methods had been used, neutralization and the employ- 
ment of the measuring box invented by F. Scharpf in 1877. The 
method of neutralization depends on the following facts: If a 
lens of positive or of negative vergency (that is, a plus or a minus 
lens) is held a few inches from the eye and then moved in its own 
plane while a distant object is observed through it, the object 
will be noted to move with the lens for positive vergency (con- 
vergent or convex lenses), and against the lens for negative 
vergency (divergent, or concave lenses). A lens of zero vergency 
(plano lens) will be found to produce no motion of the observed 
distant object. To measure or check a lens it is supplemented by 
successive lenses of opposite and known vergency, until one is 
found which reduces the vergency of the pair to zero. The power 
of the lens under examination is equal to that of the known sup- 
plementary lens, but is opposite in sign. During the test the two 
lenses are held in contact. However, the principal planes of the 
trial lenses and certain deep forms of spectacle lenses cannot be 
brought into coincidence, so that often when the vergency is 
reduced to zero, the test lens will not be exactly of the same 
power as the lens under test. A skilled operator may reduce 
the vergency to zero within four one hundredths of a dioptrie. 

The measuring box or “‘Scharpf Box’” in its usual simple form 
consists of a target or object, a lens at a fixed distance from the 
target, a holder for the lens to be measured, and a movable screen 


1U. S. Patents Nos. 196028, Oct. 9, 1877, H. Lomb & F. Scharpf, 327602, Oct. 6, 
1885, F. Scharpf. 
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on which the image of the target can be brought to focus by 
moving the screen to the proper position. The power of the 
lens is determined from the position of the screen with respect to 
the lens holder, the scale being divided into dioptries. The 
weaker powers of lenses require great scale length, and to over- 
come this difficulty, auxiliary lenses are provided, and additional 
scales, one for each auxiliary. These additional scales are grad- 
uated directly in terms of the powers of the lenses to be measured. 
The objections to the measuring box are, (1) that it is not sul- 
ficiently accurate; (2) that it is inconvenient to use; (3) that it is 
not portable; and (4) that the complicated scale arrangement 
induces confusion. Had the need for accuracy been recognized 
at the time of its invention, the Scharpf box might have been 
developed to meet it. 

These two methods, then, were the ones universally used by 
the commercial optician, when the problem was assigned to Dr. 
Hermann Kellner to develop an apparatus for testing lenses in a 
manner that would surmount the objections inherent inthem. A 
survey showed that most of the usual laboratory methods for 


measuring lenses were unsuited because of cumbersome apparatus, 
time required for determination and difficulty in measuring nega 


LENS To BE MEAouRED 
TARGET 








TELESCOPE Set Foe Infinity 
| 
Bac Focws of Lens 
To BE MEASURED « 
Power - + DorrRries 





Fic. 1. Simple apparatus for measuring focal properties of lenses. Described 
by Drysdale except for the fixation mark in the telescope. 
tive lenses. Only one device presented possibilities. It con- 
sists (Fig. 1) of a telescope focussed for infinity, the lens to be 
measured being held along its projected axis while a target is 
moved along this axis until its image appears sharply in the 
telescope, when the power of the lens is determined as the recip- 
rocal of the distance between the lens and target. This works well 
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for positive lenses, while for negative lenses either an auxiliary 
lens of known power is introduced as an addition to the lens to 
be measured, or the draw tube of the telescope is drawn out. Fig. 
2 shows that this device can be reversed by using a collimator 
having a target in the principal focus of the objective, a screen 
with suitable means for viewing the image formed by the lens to 
be tested, and a scale. The telescope or collimator in the above 
two cases serves the purpose of causing the light on one side of 
the specimen lens to be parallel; when this is the case the measure- 
ments will be directly in terms of focal length or power, and the 
scales will be simple. Without the telescope or collimator the 
apparatus becomes very long for the weaker lenses, and even 
with them a battery of auxiliary lenses and scales must be used to 
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Fic. 2. Simple apparatus for measuring focal properties of lenses. The reverse 
f that in Fig. 1. 


cover negatives and weak positives, so that in any case such an 
apparatus is cumbersome. Much has been written about 
apparatus based on this principle. Mention may be made of 
Drysdale’s description of it in the “British Optical Journal” 
for June and July, 1903. 

Investigation of the possibilities of this device resulted in the 
attainment of a high degree of accuracy by introducing a fixa- 
tion mark into the focal plane of the telescope or on the moving 
screen, to hold the accommodation of the observer. However, 
the apparatus while meeting the demand for accuracy in this 
modified form, is inconvenient to use because of a necessary 
battery of auxiliary lenses and complicated scale systems. 











106 Henry F. Kurtz [J.0.S.A. & R.S.I., VII 


Dr. Kellner’s next device is probably interesting enough to 
bear description in detail. Fig. 3 shows two lenses, a plano con- 
cave and a plano convex, of equal focal lengths. If the negative 
lens is moved along the axis toward or away from the positive, 
the power of the combination for light incident from the left will 
vary, being zero when the curved surfaces of the lenses are in 
contact, and increasing in focal length as the separation increases. 
The interesting property of this lens combination which makes it 
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Fic. 3. Lens combination which is in effect a single lens of variable focal length 
with its forward principal plane always in the focal point F’: of the positive component. 
useful as a part of a lens measuring instrument, is that the second 
principal plane for the combination always lies in the outer prin- 
cipal focus of the positive lens, giving the device as a whole the 
properties of a lens of adjustable focal length with its outer prin 
cipal point in a fixed position. Fig. 4 shows how it is used as a 
part of a lens measuring instrument. At the left is a collimator, 
at the right a telescope, both adjusted for infinity, and the latter 
having a fixation mark. Between the two is placed the adjustable 
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lens combination, so constructed that the positive lens element 
is held in a fixed position while the negative may be moved along 
the axis by means of a screw or other suitable device. A holder 
places the lens to be measured in the fixed nodal point of the 
combination. Connected to the movable negative lens is a 
scale divided directly in dioptries power of the combination. 
Since the lens to be measured is held in the nodal point of the 
adjustable lens combination, the scale intervals will be equal 
throughout the range. Nagel made use of this principle in 
building his Optometer. He placed the focal point of the optom- 


we wl Auxitiary LENS 























Foca, LENGTH 


Fic. 4. Diagram of lens measuring apparatus using the lens of variable focal 
length shown in Fig. 3 and auxiliary lens for positives. 
eter lens in coincidence with the nodal point of the eye and 
secured thereby equal displacements of his test object for equal 
differences in refraction of the unaccommodated eye, together 
with constant magnification of the test object.’ 

It will be noted that the vergency of the combination is always 
positive, providing for the measurement of negative lenses only. 
To permit the measurement of positives, a negative auxiliary 
lens equal in power to one of the two comprising the neutraliza- 
tion pair is introduced so that its nodal point coincides with the 
fixed nodal point of the pair. In this manner the same scale can 
be used for negatives and positives, with two sets of numbers 
applied to the same graduations. 

However, it was deemed desirable to use a lens system such 
that the quality of the image of the target be uniformly high for 
all powers, so this apparatus was superseded by that shown 


2 E. Landolt, “Refraction and Accommodation of the Eye,” Lippincott, p. 265, 
1886. 
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schematically in Fig. 5. At the right is seen the telescope, focu 

sed for infinity, with the fixation mark; at the left of the telescope 
is seen the lens to be tested, held in a fixed position along the axis 
by a suitable holder; next to the left is a lens called the “Standard 
Lens” corresponding to Nagel’s optometer lens, and finally the 
target which moves along the axis and carries an index to th: 
scale, divided directly in dioptries. The purpose of the standar< 
lens as shown by the diagram, is to put a virtual image of the 
target in the focus of the lens to be measured. When it is placed 
so that its outer principal focus coincides with the lens to lb: 
measured as Nagel used it in his optometer, the scale intervals 
will be equal for equal increments in power of the lens to be meas 
ured, and the magnification will be constant; that is, the apparent 
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Fic. 5. Diagram of lens measuring apparatus using a “Standard Lens” to imag: 
the target in the back focal point of the lens to be measured. 
size of the target will always be the same, regardless of the power 
of the lens being tested. The zero point of the scale lies in the 
left focal point of the standard lens and it extends towards the 
standard lens for positives and away from it for negatives. Ii 
the standard lens is made slightly shorter in focal length than the 
most powerful positive to be measured a single scale can be used 
extending in one direction for positives, the other for negatives, 
and no auxiliary lens and scale equipment is necessary. The 
scale intervals will be short, requiring precise mechanical work 
and a micrometer or a multiplying scale reading device. If a 
longer focus standard lens is used, an auxiliary lens and an 
additional scale are required for the measurement of positives. 
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In this case the scale intervals will be longer and less precise 
mechanical work may be used. The scales may be read directly 
with the aid of a simple magnifier. The same degree of accuracy 
may be attained with either short or long focus standard lens. 
The choice between the two systems is a matter of expediency. 

It was found that the standard lens could be satisfactorily 
corrected for image quality in all powers. It is made of two ele- 
ments, adjustable in separation, to provide means for setting it 
to the necessary accuracy in focal length, of about 1/6 of one per 

















Fic. 6. Test instrument built with optical system shown in Fig. 5. 


cent. The American Optical Company now make a standard 
lens with separable components for their “Lensometer.”’ 

An instrument was built in accordance with these principles 
as shown in the photograph, Fig. 6, and thoroughly tested. 
Based on the results of these tests it was placed on the market 
in the form shown in Fig. 7. The long focus standard lens is 
used with an auxiliary lens and additional scale equipment. 
The target consists of a simple transparent cross cut in a silvered 
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disk. The objective of the telescope is provided with filters, 
dividing it into two semi-circular parts, one of which is red and 
the other green, the filters being nearly complementary in color. 
These filters increase the setting accuracy, showing red and green 
fringes in the image when slightly out of focus, and no fringes 
when accurately focussed. The target rotates about the optical! 
axis, to indicate the location of the axis for cylindrical and sphero 
cylindrical lenses. The scale is made with a double index device, 
so designed that the power in one meridian can be set, after which 
the power in the other can be set with reference to the first index, 


























Fic. 7. Instrument originally marketed. Uses the optical system shown in Fig. 
5, with an auzxiliary lens for positives. 
giving the reading of the lens in terms of sphere power with 
cylinder added. The axis of the cylinder is determined by the 
degree of rotation of the target. 

The optical system can be reversed as shown in Fig. 8. At 
the left is seen a collimator focused for infinity; at a convenient 
distance to the right of it is the lens to be tested, placed so that 
it lies in the first principal point of the standard lens. Back of 
the standard lens, and moving along the axis is a combination 
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consisting of a fixation mark in the focus of an eyepiece, separated 
by a prism as indicated for convenient observation. These three 
elements form a unit which carries an index serving a scale. 
The same conditions for equality of scale intervals, length of 
scale, and unity of scale for positives and negatives, hold in this 
arrangement as in that previously described. 

At this time there arose a great many problems concerned 
with the type of lens holder to be used, the application of marking 
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Fic. 8. Diagram of optical system which is the reverse of that shown in Fig. 5. 


devices, devices for the mechanical location of the lens under 
test, and the matter of mechanical design of the whole apparatus. 
It was recognized that such an apparatus would be subject to 
rough usage, and that the manufacturing cost must be kept as 
low as possible. A number of models were built and tested in the 
course of the solution of these mechanical problems. Several of 
them are perhaps interesting enough to bear illustration. Fig. 9 
is a photograph of an instrument of the collimator-telescope 
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Fic. 9. An instrument using a collimator and telescope, with an auxiliary lens 
for positives, and long glass scales at the top of the case. A modification of the optical 
system shown in Fig. 5. 

















Fic. 10. An instrument with the telescope supported by a vertical arm. Long 
scales graduated on steel ribbons are visible through a window near the operating knob. 
Optical system shown in Fig. 5. 
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type with an auxiliary lens for measuring positives. The scales 
are visible in the field of the instrument. It has a simple cross- 
line target. In using this instrument the power in each meridan 
was measured successively and the spherical and cylindrical 
powers of the lens deduced from these readings. 

Fig. 10 shows a model equipped with a vertical arm supporting 
a telescope. The optical system is quite similar to that of the pre- 
ceding model. The scales are graduated on a steel ribbon which 




















Fic. 11. An instrument with the telescope on a vertical arm. Scales are graduated 
ndrums. Uses the astigmatic target shown in Fig. 15. Diagram of the optical system is 
shown in Fig. 5. Does not use auxiliary lens for positives. 


passes a window with an index, and which is fitted with a shutter 
so arranged that the introduction or removal of the auxiliary 
lens automatically exposes the proper scale and covers the other 
one. Scales are provided to measure the decentration of the 
specimen lens. 

Fig. 11 shows another instrument on which the observing 
telescope is supported at the top of a vertical arm. It has a short 
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Fic. 12. A simple, straight line instrument. Uses an auxiliary for positive 
Uses a modified astigmatic target. Long scales are engraved on glass at the top of the cas 
and are read by means of a magnifier and reflector. Optical system shown in Fig. 5 
Accurate despite simple mechanical construction. 

















Fic. 13. Uses long exterior metal scale and an auxiliary lens for positives. The 
optical system is shown in Fig. 5. 
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focus standard lens, therefore the scales are engraved on large 
drums at the sides to magnify the scale intervals. The cylinder 
axis of any astigmatic lens is located by rotating the lens itself 
with the holder, to which is attached the cylinder axis scale. 
The holder may be moved laterally also for determination of 
decentration. All moving parts are enclosed. 

Fig. 12 is a simple instrument designed to measure powers 
only. The whole optical system, which uses a telescope for 
observation and a long focus standard lens with an auxiliary for 
positives, is maintained in a straight line for simplicity. The 
scales are on a glass plate illuminated from below and are read 
with the magnifier seen at the top of the case. All operating 
parts are enclosed for protection. 

Fig. 13 shows an instrument with a similar optical system, but 
with an exterior metal scale. Its mechanical form is different 
from the preceding one for convenience in use. 














Fic. 14. Lens measuring instrument reduced to the simplest possible terms opti- 
cally and mechanically without sacrifice of accuracy. Uses an auxiliary lens for positives. 
Optical system shown in Fig. 8. 

Fig. 14 is a still simpler instrument in which the optical system 
is the reverse of the preceding model. At the left is a collimator, 
while at the right is a screen with a fixation mark and magnifier 
traveling along divided ways. A long focus standard lens is 
used with an auxiliary lens for positives. Powers only are 
measured, no provision being made for the location of cylinder 
axis. 
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It will be noted that all of these instruments are designed so 
that the vertex of the back surface of the lens to be measured falls 
in the principal focus of the standard lens. This has been done 
for the purpose of affording readings in terms of the reciprocal 
of the back focal length of the lens or to give its vertex refraction. 
It is possible to build an instrument to afford readings in terms 
of the reciprocal of the equivalent focal length and in fact the 
earlier models were so built. The fact that the proper way to 
correct the eye and the proper manner for the specification of 
spectacle lenses is in terms of vertex refraction was first pointed 
out by Germans in about 1912, and soon after, the Bausch & 
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an 15. Diagram of astigmatic target. Consists of a group of vertical lines on a 


glass disc for spherical power, and an image of a group of horizontal lines on another glass 
disc for cylindrical power. 


F 


Lomb Optical Company introduced the practice to the American 
user of spectacles. Therefore, the measuring apparatus was 
built to afford readings in terms of vertex refraction. 

The form of target used, naturally has considerable influence 
on the accuracy and the comfort and speed with which lenses can 
be measured. That adopted consists of two parts, disposed along 
the optical axis, one for the measurement of the spherical power 
of the lens and the other for the measurement of the cylindrical 
power. The parts may be independently adjusted, so that after 
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the image of the sphere target is found it may be kept intact while 
the cylinder target is adjusted. A group of vertical lines is 
viewed for,the spherical power and a group of horizontal lines 
for the cylindrical power, and when focussing is complete, both 
groups of lines are simultaneously sharp. Fig. 15 shows the 
target schematically. At the left is seen the standard lens, and 
to its right is seen the sphere target, consisting of a group of 
opaque vertical lines on a glass disk. Next is seen the real image 
of a target similar but not quite identical with the first target; 
it is different in that the opaque lines lie horizontally, and that 
the central group of two lines lies nearer the standard lens than 
the two parallel groups of four lines. This image comprises the 
cylinder target. The rear target and its imaging lens are mounted 
together, forming a unit which may be moved along the axis, inde- 
pendently of the sphere target. The fact that the cylinder target 
is an aerial image permits it to be moved to any position along 
the axis without interference from the sphere target—it may be 
placed in coincidence with, or may be “passed through” and 
beyond the sphere target. The device is used in this manner: 
the front or sphere target is moved back and forth until the verti- 
cal lines appear sharp and clear in the field; during this operation 
the lens to be measured may be roughly oriented to bring its 
cylindrical axis parallel to the lines in the target. Next, the rear 
target and lens unit is moved forward and backward until the 
central pair of horizontal lines appears sharp. This leaves the 
outer groups of horizontal lines out of focus with the effect that 
when the cylinder axes are not parallel to the lines in the target all 
intersections of lines become broken and show ‘“‘saw-teeth” as 
indicated by Fig. 16. When the axes are properly set the inter- 
sections are square, and the image as a whole is sharp and clean 
as shown in Fig. 17. The small circle seen in both these figures 
is the fixation mark in the telescope. 

So far as is known, all targets used previously to the one 
described were of such a nature that in measuring an astigmatic 
lens(cylinder or sphero-cylinder), the power in each of its meridians 


*U.S. Patent No. 1204030, G. A. H. Kellner. 
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Fic. 16. Appearance of astigmatic target when correctly focused but incorrectly 
adjusted for cylinder axis. 


Fic. 17. Appearance of astigmatic target when correctly focused and correctly 
adjusted for cylinder axis. 
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had to be taken separately, and the image for the first meridian 
was invariably destroyed in setting the second. The cylinder 
axis could be located at the best to the order of accuracy of 
214° or 3° for a 14 dioptrie lens. In using the astigmatic target 
described here the image for the first meridian remains sharp and 
clear while the operator is focusing for the second. When the 
setting is finished, a complete image of the target appears, and 
the cylinder axis may be located within 44° for a 4 dioptrie 
cylinder. When the image is complete, sharp, and centered, the 
scales of the instrument in which it is mounted afford a complete 
and accurate prescription in terms used by the commercial 
optician, instead of requiring a separate setting and reading of the 
scale for each axis, with a low order of accuracy in axis location, 
as was afiorded by the old single plane target. 

The instrument now being marketed, Fig. 18, is a vertical 
model, equipped with the target described above; scales so de- 
vised that the lens powers may be read in terms of sphere with 
cylinder added instead of the powers of the two meridians; with 
decentration slides and scales so that the prismatic power may be 
measured and the direction of decentration learned; with an 
inking device to mark the optical center and cylindrical axis. 
All moving parts are enclosed and protected. A skilled operator 
may very quickly determine the focal powers of a lens within three 
one hundredths of a dioptrie for the lower powers and somewhat 
less accurately for the higher powers. The scales are graduated 
to +20 and — 20 dioptries for spheres with +10 and —10 dioptries 
for cylinder additional power. The standard lens is short in 
focal length in order that the scale may be a single one passing 
from — 20 through zero to +20. Consequently the interval for a 
single division is quite small and recourse has to be taken to the 
large scale drums, in order that they may be easily read. It 
follows as a matter of course that the mechanical workmanship 
must be of the highest order. In most of the models shown the 
standard lens is of greater focal length, affording a larger scale 
with wide natural spacing of intervals and the need for a less pre- 
cise’ mechanical equipment. However, an auxiliary lens is 
invariably necessary and an additional scale. The instrument 
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Fic. 18. “The Dioptrometer”—the latest model now being marketed. Does not 
use an auxiliary for positives. Uses the optical system of Fig. 5. Equipped for accurate 
and speedy “laying out’ of spectacles, checking, and measuring all constants of unknown 
spectacles. Results are complete and in accepted terminology for prescriptions and require 
no transformation or modification. 
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THE 


Hardy Lensometer 


( Trade Mark) 


| A Lens Analyzer 





No. Mll7 
Patented January 6, 1914 - Other Patents Pending 


r HE unfailing accuracy of your findings with the Hardy Lens- 

ometer, the speed and simplicity of the work, are features 
never before approached to such a high degree of perfection 
in lens-measuring apparatus. It is distinctly a new creation. 


Shall we send you one of the 16-puge booklets which tell all about this 
wonderful new Analyzer? Write at once ! 











Fic. 19. Cut of “Hardy Lensometer” made by The American Optical Company. 
Uses the optical system shown in Fig. 5. 
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‘he Well eworth 
Lensometer 


Trade Mark Registered U. S, Patent Office 








Fic. 20. The “Wellsworth Lensometer” which is the instrument shown in Fig. 19 


as modified by Edgar Tillyer. Uses the optical system of Fig. 5 and an astigmatic target 
similar to that of Fig. 15. 
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of this type while being somewhat bulkier and less convenient is 
entirely comparable in accuracy with that of the shorter type. 

It may be pointed out that the “Dioptrometer” serves two 
important purposes, first, the accurate laying out of all constants 
on a lens blank preparatory to cutting it out for adjustment to 
the spectacle frame, and second, the checking of all of these con- 
stants in the finished spectacle, or the determination of them in 
case they are unknown for a given spectacle. 

Other people have been concerned with the problem of spectacle 
lens measurement and have put much effort into the develop- 
ment of apparatus. Patents were issued to C. J. Troppman,‘ 
whose interests were acquired by F. A. Hardy & Company of 
Chicago. Fig. 19 is a cut of the “Hardy Lensometer” as manu- 
factured by the American Optical Company. Fig. 20 is the 
“Hardy Lensometer” as modified by Edgar Tillyer, now con- 
nected with the American Optical Company and formerly with 
the Bureau of Standards. The optical systems of both of these 
instruments are of the telescope type with fixation mark, and 
standard lens adjusted to give equal scale intervals. 

The Tillyer modification uses Dr. Kellner’s type of astigmatic 
target. Instead of using a real image of the one target axis, a 
virtual image is used; and his targets consist of bright squares 
on a dark field instead of dark lines in a bright field. The tele- 
scope is fitted with an auxiliary lens the introduction of which 
images the spectacle itself in the focal plane for mechanical loca- 
tion. 

Fig. 21 shows the ‘“‘Allen-Foci-Prismometer’ made by the 
George S. Johnson Co., of Chicago. This instrument likewise 
uses the standard lens. The reticule disk in the telescope is 
equipped with a protractor scale to indicate cylinder axis, and 
with a co-ordinate system to show decentration. The reticule 
disk serves at the same time as a fixation mark. The two 
meridians of a cylindrical lens are measured successively and 
results are in terms of these powers rather than in terms of sphere 
combined with cylinder. 


‘U.S. Patents Nos. 1083309, 1170579 and 1281717 C. J. Troppman. 
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It is of interest that Allen, Troppman, and Kellner worked 
on the problem quite contemporaneously, Troppman securing 
the patents for his embodiment as listed above. 











Fic. 21. The “Allen Foci-Prismometer” made by G. S. Johnson. Uses the optical 
system shown in Fig. 5 with a simple monoplane target, and a reticule disc in the telescope 
which serves for axis location, and prismatic decentration as well as for fixation. 

Fig. 22 shows the apparatus made by Carl, Zeiss, Jena, some 
years ago. This again is of the collimator-telescope type, and 
results are reached in terms of powers in the two axes, and require 
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d transformation to the sphere combined with cylinder notation 
g used by the optometrist and ophthalmologist. 

The models on display represent only types of instruments as 
they were developed. There were, in fact, others actually made, 
and some of the instruments designed never reached the stage of 
model building. This outline of the development of the “Dioptro- 
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Fic. 22. Lens measuring instrument sold by Carl Zeiss of Jena. Uses the optical 
system shown in Fig. 8. The scale is read in the field of the instrument. 

meter’’ will indicate, however, the kind of work and the mass of 
i detail that the physicist in commercial pursuits may have to 
deal with. As in this case, it often happens that the establish- 
ment of the theoretical considerations underlying a problem con- 
stitues only an introduction to the real work of developing a 
solution to the point of meeting the variety in taste of the pro- 
spective users. 
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THE BELL SYSTEM TECHNICAL JOURNAL DEVOTED 
TO THE SCIENTIFIC AND ENGINEERING 
ASPECTS OF ELECTRICAL 
COMMUNICATION 


Two numbers of this new Journal have appeared, July and 
November 1922. It is issued quarterly on plate paper 654 x 10 
inches, and is published by the American Telephone and Tele- 
graph Company through its Information Department, in behalf 
of the Western Electric Company and the Associated Companies 
of the Bell System, New York City. The Editor-in-Chief is R. W. 
King and the Editorial Board has the following membership: 
J. J. Carty, E. B. Craft, H. B. Charlesworth, Bancroft Cherardi, 
L. F. Morehouse, E. H. Colpitts, E. B. Jewett and O. B. Black- 
well. 

The November issue of 153 pages features the appended list 
of technical papers: 

Physical Theory of the Electric Wave-Filter 

The Binaural Location of Complex Sounds 

The Heavyside Operational Calculus 

The Physical Characte<istics of Audition and Dynamical Analysis of the External! 
Ear 

The Theory of Probabilities Applied to Telephone Trunking Problems 

The Relations between Rents and Incomes and the Distribution of Rental Values 

Power Losses in Insulating Materials 


Application to Radio of Wire Transmission Engineering 
A Low Voltage Cathode Ray Oscillograph. 








THE USE OF A SECTOR DISK IN X-RAY 
MEASUREMENTS 


By J. A. BECKER AND FrED W. WARBURTON 


The energy in an X-Ray beam entering an ionization chamber 
may be varied by changing the current through the tube or by 
decreasing the cross-sectional area of the slit which limits the 
beam. The first method is often impracticable and consequently 
the second one is most commonly used. If all the energy in the 
beam is absorbed in the ionization chamber, it is usually assumed 
that the ionization current is directly proportional to the energy 
in the X-Ray beam. Whether this is true to a high degree of 
accuracy—say to within .01%—is still to be proven. If the 
limiting slit is at a considerable distance from the target the 
energy density in the beam is uniform over the opening and it 
can be shown experimentally that the ionization current is 
directly proportional to the area of the slit opening to within 144%. 
For much greater accuracy it is necessary to take special precau- 
tions in the design of the ionization chamber to be sure that each 
element of area of the beam produces the same effect as any other 
element. Or in other words if the beam should be slightly dis- 
placed without changing its length will the ionization current 
change? The use of the sector disk eliminates this source of 
doubt but necessarily introduces another: is a series of 100 im- 
pulses each lasting say ie second and separated by aes 

1000 1000 
second from each other equivalent to a single impulse lasting for 


00 : ae 
cons second, as far as their respective ionization effects are con- 
cerned? If so it might often be advantageous to use a sector disk 
to vary the ionization in X-Ray measurements. 

This has actually been done in at least one instance in measur- 
ing the absorption coefficient of copper and of aluminum.! Con- 


1 See Manne Siegbahn and K. A. Wingardh, Physick. Zs. 21, p. 83-88; 1920. 
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sequently a study of the conditions under which a sector disk may 
be used seemed desirable. The results will be treated in three 
parts: (I) single chamber method, (II) two-chamber balance 
method, and (III) effect of speed of rotation of disk. 


I. SINGLE CHAMBER METHOD 


The apparatus is shown in Fig. 1. A beam of X-Rays from a 
Coolidge tube, limited by the screens a, b, and the disk c rotating 
in a plane perpendicular to the beam, entered the ionization 
chamber d through an aluminum window. The electroscope e 
and the collecting rod of the chamber were charged to a potential 
safely above saturation by a small electrophorus. The rate of 
fall of the gold leaf, which indicated the amount of ionization 
produced in the chamber when the beam of X-Rays passed 
through, was read by telescope and a stop watch. Since the rate 
of fall may not be the same at different potentials, the readings 
were always taken over the same range. The sector disk was 
made of two plates /, of 4 inch brass mounted on the same axle 
so that each of the two angular openings could be varied from 
0° to 90°. 


Sector Disk 
b f 
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Fic. 1. Apparatus used in single chamber method. 





The main difficulty encountered was in keeping the output of 
X-Rays constant during a set of readings. In order to get as 
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steady a source as possible a rotary convertor (regulated d.c. to a.c.) 
was used. Slide wire rheostats (Ri, R:) were placed in parallel 
in the primary circuit of the high tension transformer so that 
minute adjustments of the current could be made. The current 
passing through the tube was read by a sensitive milli-ammeter. 
By this means the fluctuation of the tube current was kept down 
to about four percent. Best results were obtained with a tube 
current of .2 milli-ampere. Each observed value of the ioniza- 
tion current was corrected for the natural leak of the electroscope. 
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SECTOR ING - DEGREES 
10 12 
Fic. 2. Showing the relation of ionization current to the opening of a sector disk 


rotating at a speed of four revolutions per second. X-ray tube excited by a 60 cycle a.c. 
source. 


The graph (Fig. 2) indicates that within the wide limits of about 
four percent, the ionization current is proportional to the sector 
opening. The speed of rotating the disk was about four revolu- 
tions per second while the ac source of the X-Rays was about 60 
cycles per second. No change in the ionization current was 
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observed when the speed was varied, although it is not improb- 
able that some of the difficulty in getting reproducible readings 
was due to the stroboscopic effect which is treated in the third 
section of this paper. 


II. DousLE CHAMBER METHOD 


Two similar brass ionization chambers about one meter long 
and filled with methyl bromide and air received two beams 
from the Coolidge tube about three meters away. A series of 
slits were so arranged that the final slits received radiation from 
every point of the focal spot. A brass sector disk with two open- 
ings which could be varied from 0° to 90° was placed in front of 
one chamber while a rectangular slit whose height could be varied 
by means of a micrometer screw was placed in front of the other 
chamber. The walls of the two chambers were connected to a 
400 volt battery of dry cells whose midpoint was grounded 
(approximate saturation was obtained with 150 volts). The 
collecting rods along the central axis of each chamber were con- 
nected together and to a Bumpstead Electroscope with a sensi- 
tivity of about 100 divisions per volt. When the ionization 
current in one chamber equals that in the other no charge collects 
on this system and the leaf of the electroscope stays perfectly 
steady. If one beam be then changed by one part in 1000 the 
leaf drifts to the right or left by about .2 to 2 divisions per second. 
A more detailed description of this apparatus is given in the 
Physical Review.” 

The procedure was to set the disk at a certain opening, start it 
rotating at a chosen speed, and determine the height of the open- 
ing for the other beam which would just produce a balance. This 
was done for a series of openings ranging from 5° to 180°. The 
180° point was obtained by keeping the sector stationary. The 
results are plotted in Fig. 3, which shows sector opening against 
slit height. The amounts by which the various points would 
have to be shifted parallel to the x-axis in order to fall exactly on 
the straight line through the 180° point are as follows: 


* See J. A. Becker, Phys. Rev., Aug. 1922. 
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Sector Opening Deviations Sector Opening Deviations 
180° 0° 40° .10° 
90 .10° 30 08 
80 .10 20 .10 
: 70 0.0 15 10 
60 06 10 .10 
50 .08 5 05 


LINEAR OPENING 


} 


SECTOR OPENING 
2 30 40 50 60 FO 8 130° 





0 


Fic. 3. Comparison of energy entering two ionization chambers, limited in one by 
a linear opening, and in the other by a rotating sector disk. 
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It is seen that none of these deviations are larger than .1° which 
is as close as the sector opening could be read. 


III. Errect oF SPEED OF ROTATION OF DISK 
a) THEORECTICAL DISCUSSION 


If the high potential applied to the X-ray tube were continuous 
and unidirectional, the speed of rotation of the disk would be of 
little consequence as long as it was reasonably large and did not 
change periodically for each revolution. In most cases, however, 
the potential applied to the tube is alternating; if no rectifier is 
used only one-half of each wave is effective, and due to space 
charge characteristics, high absorption of long wave-lengths, and 
the short wave-length limit, only about one-sixth of the total 
cycle produces an appreciable amount of radiant energy. In 
the following we will assume for the sake of simplifying calcula- 
tions that the energy distribution during this one-sixth cycle is 
uniform and we will call this an impulse. We will further assume 
for the sake of clearness that there are sixty impulses per second, 
and that the sector disk has a single opening of sixty degrees. 
Under these conditions the speed of the sector disk is a highly 
important factor. 

Consider the two slit openings in front of the ionization cham- 
bers of the double chamber apparatus above described. The one 
behind the sector disk is of constant area. The other may be 
changed by varying its height. Suppose the sector is at rest and 
in a position such that the beam is not intercepted—in short, 
that the sector is open. Imagine the two areas adjusted so that 
the ionization currents are balanced. Suppose further that 
the sensitivity is found to be such that if the area of one beam 
is changed by one part in a thousand, the leaf will drift at the rate 
of 6/10 division per second. If one opening were closed completely 


, 6 — 
the leaf would drift (at that rate) 10° 1000 or 600 divisions per 





second; or each complete impulse through the fixed area will 


cause a negative (say) displacement of the leaf of or 10 divi- 
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sions. Now start the disk with a 60° opening rotating. If the 
speed is properly adjusted, as we will see below, the variable 
opening must be reduced to ~ or ; of its former value to obtain 
a balance. Each impulse through it will now tend to produce a 
positive displacement of ” division. Reduce the speed to a very 


low value and gradually increase it. 

For a speed of 10 revolutions per minute or 60° per second, 60 
impulses will pass through the 60° opening in one second. These 
will produce a negative deflection of 60 X10 or 600 divisions while 
during this same second the variable slit permits a positive deflec- 


10 a sia a ‘ 
tion of 60 7 or 100 divisions, giving a net deflection of —500 
divisions. The slit will then be closed for 300° or 5 seconds or 
, 10 
300 impulses. These will cause a + deflection of 30x or 500 


divisions in 5 seconds. Then the process will repeat itself every 
six seconds. That is, the leaf will oscillate back and forth with a 
“period” of six seconds. Obviously this speed is out of the ques- 
tion. 

If r, the speed of the sector, be 1 revolution per second, the 


open disk will permit =x 60 or 10 impulses to pass through in 
1/6 second. These will cause a deflection of —1010 (= —100) 
divisions and +10x= (=+16.7), or a net deflection of —83.3 
divisions. During the next 5/6 second the disk is closed and the 
deflection is +(5x10) x= (=+83.3). The period of the leaf 


of the electroscope will be 1 second. Now in all electroscopes or 
electrometers there is some lag due to inertia and air friction. 
These will cut down the computed deflections but will not affect 
the period. Since most sensitive electroscopes will still respond to 
a periodic force of one second, the above speed would be too slow. 
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Reasoning along these lines one might be led to think that 
any speed larger than 4 revolutions per second would be satisfactory 
since the period would be 44 second or less and most instruments 
would no longer respond. A new factor, however, enters in for 
speeds greater than 1 or 2 revolutions per second. The nature of 
this can be seen by going to high speeds, for example, 60 revolu- 
tions per second. This corresponds to 1 impulse for each revolu- 
tion. If this impulse happens to come exactly when the disk is 
open the whole impulse gets through and the disk might just 
as well not be there. The leaf will go off scale in a negative direc- 
tion. On the other hand if the impulse comes when the disk is 
closed nothing will get through and the leaf will go off scale in 
the positive direction. This speed then is impossible. 

Before proceeding to investigate other speeds it will be advan- 
tageous to define a certain phase angle y. Draw a plane through 
the axis of rotation of the disk and through the longer axis of the 
slit. Draw another plane through the axis of rotation and the 
“leading” edge of the sector opening at the instant when the 
impulse starts. The angle from the first to the second plane we 
will call y. It will be positive measured in the direction of rota- 
tion. 

For speeds of 60 revolutions per second, 1 impulse will cover 
1/6 revolution or 60°. So that for ¢=0°, the complete impulse 
will just get through a 60° degree sector opening. The deflection 
per impulse will be —1 x 10+1X ~ =— = divisions. Forg= +10° 
only 5/6 will get through and the corresponding deflection per 
impulse will be —=x 10+1 x= —* division; g=+20°, 4/6; 
¢= +30°, 3/6, etc. to +60° or any angle greater than 60° when 
nothing will get through. From this we can then get the net 
deflection for each impulse as a function of g. Table 1 gives some 
values. 

Now let us study a speed of 59 or 61 revolutions per second. 
g changes at the rate of +1 revolution per second, or +6° per 
cycle. If we start when g=0°, the first impulse will produce a 
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TABLE 1 
= oe T - 7 = ) ; 
gindegreess | 0) +10] +20| +30| +40 | +50| +60] 70etc. 
| | } to 300 
Deflection D per im-|  _ 
pulse. .. aoe _0 _” _30 _20 _10 0 | +10 410 
6 6 6) 6 6 | 6 6 











Oe ate a , , 
deflection of — ; divisions. The second, for which ¢ will be +6°, 


ae des ee : 
will produce oe divisions etc., as is indicated in Table 2. 











TABLE 2 
"  <—saee, |  e | | rea ae | 
Impulse No ae 1 2 3 | 4 | 5 6 7 8 
60 59 58 57 56 55 54 


Net Deflection per im 











pulse _ mae | = | —— | == —-—|-—|-= 
6 6 | 6 6 6 6 6 6 
I 9| 10} 11{ 12....51 52} 53] 54 
D a2} 44)48) 4% |46123)-8 
6 6 6 6 6] 6 6 











Thus for 9 impulses or 9/60 second the ‘eaf deflects 
— (50+444+38+432+26+20+1448-+2) 
6 


= — 39 divisions. 





+(44+4110+4) _ 

2 - 
69 4/6 divisions, while for the remaining 8 impulses it deflects 
—30 4/6. The net deflection for 60 impulses is 0. The period 
is 1 second. 





Then the next 43 impulses the leaf deflects 


For a speed of 58 or 62 revolutions per second, ¢ changes at 
the rate of 2 revolutions per second or 12° per impulse. Tabulat- 
ing as before and starting with g=0, we have: 





¢ 


BECKER ETAL [J.O.S.A. & R.S.L., VII 


TABLE 3 








Impulse No 2 
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tN 
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2 
; ; 5 2 
Deflection per impulse | 38 | _26) 
6 6 | 6 | 


(50+38+26+14+2) _ 
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The leaf deflects — —214 for 5 impulses, 


, 10 er 
then for the next for 21 impulses, 21 X 7 = 35 divisions and for the 


(38+26+14+42) _ 
6 





remaining 4 impulses, — — 13% divisions. This 


, , ol 
repeats itself every half second. 7, the period, is —— where 
c—r 


c =cycles per second and r = revolutions per second. 
As the speed decreases the period of the leaf and the amplitude 


1 1 
of vibration both decrease. Thus when r=45, T= = 


60-45 15 

: : 1 

second. The amplitude will be approximately 4% of 70 XT 

5 

or about 2 divisions. Practically no electroscope or electrometer 

(with the possible exception of the string electrometer) will 
respond to 15 impulses per second. 


TABLE 4 








¢ in degrees | O-: 50 
Deflection per impulse} = © aoeae = 

















ee ee | 
This reasoning holds until we reach speeds in the neighborhood 


of 30 revolutions per second. For this speed ¢ changes by 180° 
for each cycle. An impulse lasts only 1/6 cycle or 30°. Con- 
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sequently for ¢=0° to ¢=30° the entire impulse gets through; 
y= 30° to ¢=60° part gets through, ¢=60° to ¢=330° none gets 
through, and for g = 330° to g= 360° part gets through, (Table 4). 
Thus for a speed of 30 revolutions per second and g=0° to g=30° 
the period is infinite and the disk might just as well not be there. 
If ¢=60° to 330° the disk acts like a screen at rest. 

For a speed of 31 revolutions per second ¢ changes 31—60 or 
— 29 revolutions per second, —174° for each cycle. Every second 
impulse finds ¢ shifted 12 degrees. Table 5 indicates what 
happens in the course of 1 second. 

To summarize: 








Impulse 


Net Deflec- 


ae Ps yin nen  : 
: 6 


6 





T =\% second and the net 6=2/6 division, for the whole 60 im- 
pulses. 


For a speed of 32 revolutions per second = =32—60 or —28 


revolutions per second; —168° per impulse. Every second im- 
pulse shifts ¢ by 24 degrees. An J, gy, D table similar to Table 5 
shows, summarized: 








| sas | 16-20 | 21-28 | 29-30 
8 94 +80 8 
“— | "s 6 +S 





. —6x4 oe 
or the net effect per cycle, (J =1—60) is ; = —4 divisions. 
) 


T =¥4 second and 6= —4. 
If instead of starting ¢ at exactly 0°, we start at 10° we get 
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T = second and 6= +4 divisions. 
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From the figures for the last two speeds we see that the motion 
of the leaf will consist of an approximately periodic motion whose 


1 , 
period can be represented by =? but superimposed on such 
c—2r 


a periodic motion will be a general drift whose direction will 
depend on the exact instant when the leaf is floated or the exact 
instant of counting time or impulses, i.e., on the value of ¢ when 
time = 0. 

It will be seen that a number of revolutions per second near 
c, c/2, c/3, c/4 etc. will be troublesome. At exactly these speeds 
the period will be infinite. It decreases rapidly as the speed 
departs from these critical values and can be given by the general 


1 
formula T = where m takes on the values 1, 2, 3, 4, 5, etc. 
c—mr 


b) EXPERIMENTAL RESULTS 


In the experiments to test the effect of speed, the motor genera- 
tor delivered approximately 58 cycles per second. These numbers 
varied from 56 to 59 cycles per second. The sector disk had two 
openings (0°—90°). It can be considered equivalent to a sector 


with a single opening run at twice the speed. A dc motor was used 
to drive the sector the speed of which was determined by means of 
a speed counter and a stop watch. 

All of the phenomena which one would expect on the basis of 
the above discussion were observed. For very slow speeds, the 
leaf would go off scale to the right or left. For speeds near 30 X 2 
revolutions per second the leaf either went off scale or else vibrated 
back and forth. For speeds near 30 or 20 revolutions per second 
the leaf would sometimes act as follows: drift to left, say, 10 divi- 
sions, come back to the right about 2 divisions, then back to left 
10 divisions, etc., i.e., go through a periodic motion superimposed 
on a general drift. The period of the motion of the leaf was deter- 
mined by counting the numbers of vibrations over an interval of 
approximately a minute. Only those readings were retained 
which indicated that the relative speed of the motor and the 
rotary convertor remained constant. It was impossible to keep 
these speeds constant over longer periods. Whenever the speed 
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was near a critical value a slight change made itself evident by a 
change in the period of the leaf. Fig. 4 shows how the periodic 
time (7) of the leaf changes with the numbers of revolution per 
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Fic. 4. The effect of the intermittent beam from an X-ray tube excited by alternating 
potential being in ‘phase’ with the impulses allowed by a sector disk rotating in the path. 
second of the disk (r). The solid lines are computed on the basis 
of the theoretical discussion for 60 cycles per second. The experi- 
mentally observed values are indicated by “‘x.”’ The “r” for each 
of these values has however been multiplied by a factor of 1.06 
to correct for the fact that the speed of the rotary convertor was 
not exactly 60 revolutions per second. Since the periodic time of 
less than 1/10 second could not be taken, points at which there 
was very small or no periodic motion of the leaf were plotted on 
the 1/10 second line. Considering the lag of the electroscope leaf, 
and the fact that the relative speeds could not be kept very con- 
stant, the agreement is excellent. Apparently the best working 
range for a 60 cycle supply is between 40 to 50 or 70 to 80 revolu- 
tions per second (half this speed if the disk has two openings). 
As far as the periodic time curve shows, any region midway 
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between two peaks seems satisfactory, but the general drift super- 
imposed on this periodic motion brought out in Table V for 31 
revolutions per second and the similar one for 32 revolutions per 
second, makes this an untrustworthy region particularly in a uni- 
chamber method where a slight general drift superimposed on a 
fairly low period could not be detected. 

CONCLUSIONS 

A sector disk can be used to vary the energy entering an ioniza- 
tion chamber provided the speed of rotation of the disk is properly 
chosen. The best speed is .65 to .85 or 1.15 to 1.35 times the 
number of cycles per second furnished to the X-ray tube. Assum- 
ing that the energy in a uniform X-ray beam is directly propor- 
tional to its area, the law of the sector disk holds for X-rays to 
within an accuracy of 1% for a 10° opening to .1% for a 90° 
opening. 

The authors wish here to express their kind thanks to Professor 
Richtmyer, whose valuable suggestions and aid have made this 
investigation possible, and to Professor Merritt for the use of 
an X-ray tube. 

CornELL UNIVERSITY 





REVIEWS 


Visual Illusions, Their Causes, Characteristics and A pplica- 
tions. By M. Luckiesh. 1922. ix+247 pages and 100 illustra- 
tions. D. Van Nostrand Company, New York. 


This new volume is a fitting addition to Mr. Luckiesh’s previously published 
works on color and on light and shade. The present volume describes in detail the 
various types of “static’’ optical illusions (neglecting illusions involving motion) and 
lays emphasis upon their practical effects in everyday vision rather than upon the 
conflicting theoretical explanations which have been advanced to account for them. 
The discussion is introduced by two very clearly written chapters upon the mechanism 
of the eye and upon the general principles of monocular and binocular vision. The 
chapter on geometrical illusion considers the effect of location in the visual field, illu- 
sions of interrupted extent, of contour, of contrast, and of perspective, numerous exam- 
ples of these various types being discussed and presented in the form of very clearly 
drawn diagrams. Another chapter deals with “Equivocal Figures” consisting of 
patterns which present aspects which vary radically with the mode of attention or 
perception. There is a rather lengthy discussion of illusions which depend upon the 
influence of angles, illustrating apparent distortions of size and direction due to the 
peculiar angular relationships of the lines which combine to make certain figures. 
The well-known illusions of Zéllner, Hering, Miiller-Lyer, and other less commonly 
known effects of this general type are considered. Theories of these illusions are briefly 
discussed. There is a brief chapter on illusions of depth and of distance, in which 
particular attention is paid to the work of Carr. Another group of effects are those 
due to irradiation and brightness contrast, the influence of these agencies being noted 
upon both the apparent brightnesses and the apparent sizes of components in various 
characteristic figures. 

As illusions of color, are considered the effects of chromatic contrast and after- 
images. Other illusory chromatic effects are dependent upon the growth and decay 
of sensations, upon the chromatic aberration of the eye, variations in the color sensi- 
bility of the retina, the Purkinje effect, and retinal rivalry. A very practical chapter 
is devoted to the influence of the mode of illumination upon the appearance of objects. 
Photographic illustrations exhibit the changes in appearance which are undergone by 
both bas-relief and intaglio figures as a result of changes in the direction of the light 
falling upon them. The chapter on visual illusions found in nature considers the 
effects of aerial perspective, the apparent form of the sky-dome, the apprent enlarge- 
ment of heavenly bodies seen near the horizon as compared with their apparent sizes 
at the zenith, the phenomena of mirage, etc. Chapters are devoted to the part played 
by illusions and the principles underlying them in painting, decoration, and archite« 
ture. The skillful artist will utilize these principles in some places and studiously avoid 
their influence at others. The final chapters deal with the use of mirrors in producing 
magical effects upon the stage and with the principles of camouflage as developed in 
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the World War. The discussion of terrestrial and marine camouflage is of special 
interest, since it is based to a large extent upon the author’s own study of these arts 
during the War. Numerous photographic illustrations add to the interest of this 
discussion. 
In general, the book may be commended as bringing together in a single volume 
a large group of closely related but hitherto scattered considerations, in being clearly 
written and even more clearly illustrated. It should prove interesting reading, par- 
ticularly to those who are fascinated by oddities and anomalies among phenomena. 
L. T. Troland. 
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OPTICAL SOCIETY OF AMERICA 


REPORT OF THE SECRETARY 
(Submited to the Society, October 25, 1922) 
I. MEMBERSHIP. 
A review and census of the membership has been completed. This has consisted 
in reviewing the previous rolls and accounting for each member ever elected, by (1) 
actual verification of present address by re-registration, (2) record of resignation, or 
(3) record of death. The synopsis of this census follows: 


Accessions. 
RE cn ci datas pale wiaky ae sinbainb ame wieeisee s AMaAIe SO 30 
Ns hata inn cad nd vuwnta dws arenas uaa a aleue aa hate ns 44 
™ WU e as donot er san een tana eesaie ok ede asa bres 13 
a VR cikacddicn ce dekiRawe Ce Raeak ke ee das ebb ewan 13 
5 Pucks yaad ead kaee ated Ree abe eee Sw eash ae whe ee 31 
“ Peet tcks swe es anew eeentese asst taaeehkieekaiees 72 
“ ME Ric bain i skh scaeRe eaten e eel aah Eee kuaaweey 98 
PIII oe coe koa awash od MONS AR eEERee 29 
iy satiatd dante stan s 330 
Losses. 
RR re ere Nema ter eey enee a a Poe Nr nln ag rp Re 2 
i eee et cig k viet vo ei ee eae aM, 17 
as ci cus daaattomes aacaney eaten ean 19 
Present membership (addresses verified during past year) 
SN Gaus S60 hab oo bated eyed eee virases cree eiaane ent 3 
I cig ta eins hela Wa we aces cana mas ee eae ton on Raemneenes 4 
ae ee os eo ee, boss aaa a heb a hae am A 258 
on acc vera cthedatseesneisehenseeeews 39 
ho occa ndasdkccaetreceuwns en eebeen 7 
Ricken tuk biuas uemiadanaechieaeseuak auekela 311 — 
330 


The following are approximate counts of the number of members voting at recent 
elections: 


I oo ons a ceahaeenucebrhiebhbhwaivae eens 157 
ee, Rs BE an. sone esc tereecsntiversenceee 137 
Amendment to Constitution, Sept. 1922................sseeeeeeeee 95 


A master check list showing the record of all elections, resignations and deaths 
has been prepared. 
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The following is a detailed statement of the losses by death and resignation: 
(1) By death: 
Charles H. Williams, June, 1918. 
George V. Wendell, March 15, 1922. 
(2) By resignation: 
R. P. Anderson, 1921. 
Andrew J. Lloyd Co., Oct. 15, 1921. 
Boston Optical Co., Oct. 13, 1921. 
E. T. Easton, October 14, 1921. 
H. T. Reeve, (No record with present Secretary. In July, 1922, Mr. 
Reeve stated he had resigned long ago.) 
W. E. Ford, Oct. 29, 1921. 
J. C. Eberhardt, Oct. 20, 1921. 
W. W. Coblentz, 1917 (Reinstated in 1921) 
C. Francis Jenkins, 1918. 
Augusto Occhialini, Jan. 13, 1922. 
George H. Peters, Nov. 21, 1921. 
H. T. Wensel, Oct. 19, 1921. 
F. C. Brown, Dec. 3, 1921. 
A. F. Eckel, Dec. 3, 1921. 
H. C. Buck, 1921. 
Milton F. Fillius, Jan., 1922. 
John S. Paraskevopoulas, Jan. 30, 1922. 
There are now on file with the secretary, awaiting the action of the Council, 21 
applications for membership. 
II. AMENDMENTS TO THE CONSTITUTION AND By-Laws: 
The following amendments have been adopted during the term of the present 
Secretary: 
(1) Constitution 

“The assistant editor-in-chief and business manager of the Journal 

shall be ex-officio a member of the Executive Council.” 
Adopted, Sept. 1922. 
(2) By-Laws. 

Article 1V—Sec. 1, amended to read:— 

“Officers shall be elected from among the regular and honorary 
members of the society. The president and vice-president shall be 
elected for a two-year term, the secretary and treasurer for a five-year 
term of office and shall not be eligible to re-election. Members at large 
of the council shall be elected for a two-year term and shall be eligible 
to but one re-election.” 

Adopted, October, 1921. 

Article [V—Sec. 3 amended to read:— 

“Election shall be by ballot. Nominations shall be made by a 
nominating committee appointed by the president and approved by 
the Council. This committee shall consist of five regular members of 
the society, at least three of whom shall be past presidents of the society.” 

Adopted, October, 1921. 
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Article VIII amended to read:— 

“By-Laws may be enacted, amended or suspended by concurrence 
of two-thirds of the whole Executive Council.” 

Adopted, December, 1921. 

Article II—Sec. 2 amended to read:— 

“No officer or member of the Society except the editor-in-chief 
and the assistant editor-in-chief and business manager of the Journal 
shall receive any remuneration for his services.” 

Adopted, May 4, 1922. 
Article V, amended by inserting after “editor-in-chief,” the words 
“and the assistant editor-in-chief and business manager.” 
Adopted, May 4, 1922. 
III. REFERENCE List or OrrFiciaL Notices PUBLISHED BY THE PRESENT SECRETARY. 
(1) General Notice of the Society and its Activities. 
Science, pp. 318-320; April, ist, 1921. 
(2) Announcement of Sixth Meeting (Rochester, October, 1921). 
Science, p. 70; July 22, 1921. J. Op. Soc.; July, 1921. 
(3) Minutes of Sixth Meeting. 
Science, pp. 501-502; November 18th, 1921. 
J. Op. Soc. 6, pp. 407-415. 
(4) Announcement of Seventh Meeting, (Washington, October, 1922). 
Science, pp. 38-39, July 14, 1922, pp. 219-220; Aug. 25, 1922. 
J. Op. Soc. p. 291; May, 1922. 
“ «  &  June-Sept., 1922. 
(5) Election of new members. 
J. Op. Soc. 5, p. 290. 
7 * 4430 
“ 6, pp. 93-98. 
“ 6, pp. 415-416. 
“November, 1922. 
(6) Election of Officers. 
J. Op. Soc. 6, p. 208. 
(7) Minutes of the Executive Council. 
J. Op. Soc. 6, p. 93, p. 95, p. 96, p. 98. 
“ « —“ November, 1922. 
(8) Amendments. 
J. Op. Soc. 6, pp. 94-95. 
“ «“« ~~“ November, 1922. 
Respectfully submitted, 
WASHINGTON, Irwin G. Priest, Secretary. 
Ocr. 24, 1922. 


P.S. Correction:—Since the above report was written, the secretary has been 
advised by the treasurer (letter of Dec. 29, 1922) that two more resignations should 
be recorded, effective Dec. 31, 1921, viz:—Motion Picture News, Inc. (82A) and 
E. J. Bissell (3R). 

I. G. P. 

Jan. 16, 1923. 





